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DMA LOGIC DESCRIPTION 


Address Recognition 


The DMA recognizes a block of eight words. The high order 6 
bits must be ones, and the next 10 bits are determined by 
switches on the device interface (DI). Lines from these switches 
(ADSO4-ADS13) are EX-ORed with address lines 4-13 and the results 
wire-ANDed to form SWMAT+. STRB+ is delayed by passing it 
through similar gating to form STRBD+. The latter is ANDed with 
HOLD=- (to inhibit address recognition until the fall of HOLD) to 
form CLKAD which strobes the state of ADMAT into ME. The ME flop 
is operated inverted; ME+ is asserted when the Q output is true. 


The rise of ME starts a 420 ns delay (MEPLS) before issuing 
a 50 ns DONE pulse (DONET). ME is cleared by the fall of 
undelayed STRB+. 


The three low order address bits (not counting the byte bit, 
which is ignored) are sent to two demultiplexers (9334) to derive 
individual signals for writing and reading each of the individual 
registers. The data inputs are both senses of RITE, so one 9334 
responds only to WRITES and the other only to READs. The WRITE 
9334 operates as a strict demultiplexer, enabled by MEPLS. The 
READ 9334 also demultiplexes but latches its state until the fall 
of ME+; thus its outputs are valid until the fall of STRB+. 


Outputs from the 9334 are named: 


DEVT (device type) 
DDP (device dependent) 


R (reev.) BEG (begin ptr.) 
X (xmit.) { END (end ptr.) } 
L ST (status) 


Several of these signals are passed directly to the DI as_ the 
appropriate control lines. For example, writing the begin 
pointer (WRBEG, WXBEG) pulses the RSTRT lines. Writing the end 
pointer (WREND, EXEND) pulses the START lines.’ Writing or 
reading the status (WRST, WXST, RRST, RXST) causes the 
appropriate GVST or STBST line to be asserted. If data bit 8 is 
set when writing the status (signifying a programmed reset) RSTRS 
or XSTRS will be asserted. These are ORed with MRES to form RRES 
and XRES. Accesses of the device dependent register (RDDP, WDDP) 


{i (read) 
W (write) 
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and reads of the begin pointer (RRBEG, RXBEG) are sent to the DI 
and otherwise are ignored by the DMA. 


Pointers 


The pointers for receive and transmit sides are handled 
Similarly. In the following, the receive half will be discussed; 
transmit is identical -- signal names are obtained by 
Substituting an X for an R. 


The "current" pointer, which holds the word address of the 
location either previously or just being accessed by that half of 
the CMA, is stored in a 19-bit synchronous counter (RCO1-RC19). 
The carry input to stage 13 is disabled; therefore the high order 
seven bits of the counter (13-19) act only as a latch and do not 
change when the counter is toggled. THIS counter is 
parallel-loaded when the BEGIN pointer is written (WRBEG). The 
high order 16 bits come directly from the data bus (DBO1-DB12). 
The low order 3 bits are specified by the low order 3 bits of the 
status word and are latched as RLCO1-RLCO3 by WRST. The counter 
is set for count-up operation. 


The i2 bits of end pointer information are latched from the 
data bus by WREND. The outputs from the end pointer (REOQ1-RE12) 
are compared with the low order 12 bits of the current pointer 
(RCO1-RC12). The output of the eauals detect are wire-ANDed 
together to form the EOB signal. 


Control 


Bus access is controlled by two DBALS; one each for receive 
and transmit. In each DBAL, the A half controls data access and 
the B half handles pseudo-interrupt requests. The command inputs 
are connected directly to the DI's READY and DOINT lines, which 
Signify that it wants a data or interrupt request, respectively. 
The answering signal to READY, NOW, is given for the transmit 
side coincident with ACLK telling the DI to strobe-in the data 
which the DMA has read for it; on the receive side, NOW follows 
AONL, telling the DI to output its data to the bus for the write 
cycle the DMA is performing. Receive NOW is delayed until the 
fall of the current PCDA so that a quick fall of READY in 
response to NOW will not allow a little PCDA to -leak out. The 
response to DOINT, INTDN, is given at BCLK time. The DBALs are 
connected to the bus in the usual way, in parallel. QUIT and 
DONE are buffered to provide the necessary fanout to drive two 
DBALS. The precedence pulse (PCDA-PCDAB-PCDB) is chained 
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serially through the DBALs. The DBAL is reset either by the 
reset signal for that half (RRES/XRES), or when the begin pointer 
is written. If the latter occurs in the normal course of events, 
viz., after an interrupt has occurred and the program is setting 
up for the next buffer, no bus transactions will be in progress 
and reset will do nothing. However, if the begin pointer (to 
perform the restart funetion) is written while the device is 
active, the desirable feature of stopping any transaction in 
progress is accomplished. 


The QUIT latches (RQUTL/XQUTL) remember that a QUIT has 
occurred during an access. They are reset by reset or the 
writing of the begin pointer for the next buffer. 


Writing the begin pointer also sets the corresponding 
"first" flop (RFRST/XFRST), thus preventing the first access from 
toggling RCLK/XCLK. At its conclusion (the trailing edge of 
NOW/DOIT), the flop is reset and CLK follows READY. 


RITE is latched from the bus by STRB. RITE is asserted on 
the bus by the DMA (RITET) when on-line for either a receive 
access (RONLN) or an interrupt access (DOINT). 


The Data Bus 


The DMA contains a 16-line, open collector, negatively 
asserted bus (DABOO-DAB15). These wires are passed to the DI 
(STOO-ST15) and are used to pass non-data information to the DMA, 
e.g., device type, interrupt levels, status. The other primary 
source is the pointer multiplexer, which multiplexes the two 
current pointers and converts to open collector form. The 
multiplexer is enabled onto the DAB lines either when on-line for 
a data transfer (DATOL) or when reading either end pointer 
(RDEND) (only the low order 12 bits). In the former case we are 
broadcasting the address to be used for the data transfer. The 
DAB lines im this case go through the address multiplexer to the 
address’ BDRs. (Note that bits 16-19 go directly to the 

multiplexer since they are not used elsewhere.) If the end 
pointers are being read, the data BDRs are enabled (DDREN from 
SLVRD) and the address BDRs (ONLN) are not -- thus the 
information goes on the data lines. A situation similar to the 
latter occurs when reading status or device type, except that the 
DI provides the source. During an interrupt access (DOINT), the 
address multiplexer switches so that the prewired (except for two 
bits from the DI) PID address is connected to the address’ BDRs. 
The DI supplies the PI level via the DAB lines which are 
broadcast on the data lines, since DOINT is a term in DDREN. 
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Special Status Bits 


The error bits (RERR/XERR) are passed from the DI. The 
sense of the QUIT latch is ORed in and when the end pointer is 
read (RREND/RXEND) it is connected to bit 0.. The last packet bit 
(LASTP) is also passed from the DI. If there is no QUIT on the 
receive side (RQUTL), completion will be reported (bit 15 set) 
when the end pointer is read. The sense of the QUIT latches is 
reported as bit 8 when the status words are read (RRST/RXST). 
The signal GVPI asking for the DI to present the appropriate PI 

levels on the ST lines is asserted when status is read 


(RRST/RXST), or -when an interrupt access is on-line 
(RBONL/XBONL). 
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HLC LOGIC DESCRIPTION 


The Compatible Local Host interface (HLC) is a single ecard 
module interconnecting a local Special Host Interface as detailed 
in BBN Report #1822, "Specifications for the Interconnection of a 
Host and an IMP." The functional specification for this module 
outlines operational aspects, while the present document 
describes the logic in detail. The following descriptions assume 
that the interface has been cleared, the Host and IMP are in the 
ready state, and the interface is unlooped. Signals signed + are 
true when at a TTL high and signals signed - are true when low. 


Output Section (HLC20 


An output transfer is initiated when the buffer end pointer 
is written to the DMA, which in turn asserts START (STRIT+, 
100-150 ns). On its rising edge, the high order data bit on the 
INFIBUS DBR15 is sampled to see if this is the start of the last 
packet. If so, EOMTX is set. The inverted version of STRTT 
assures that LIBTF is cleared, clears the 74161 bit counter, sets 
BUSYT to an active condition and sets RDYTF+. Since BUSYT is 
true, REDYT+ is true. This appears at the DMA as READY, the data 
service request line. When the DMA gains bus access and the data 
is present on the bus, the DMA asserts NOW (NOWTX+, 40-60 ns). 
This signal direct loads the 16-bit output shift register from 
the bus receivers and direct clears RDYTF. On the trailing edge 
of NOWTX, BTAVL is set to indicate that the high order bit of the 
shift register is available on the data line to the Host, IMDTA+. 


When the Host is ready to receive, he will assert READY FOR 
NEXT BIT (RFNIB+). Since the interface is unlooped and the Host 
is ready, BNABL is true and TYIMB+ (THERE'S YOUR IMP BIT) appears 
on the cable to the Host, signifying that the bit is now 
available on the data line IMDTA. Note that it makes no 
difference whether RFNIB comes true before or after BTAVL. 


Upon accepting the data bit, the Host shuts off RFNIB, 
firing SHIFT (100 ns). The leading edge shifts a new bit into 
position while the trailing edge increments the bit counter. on 
the rising edge of SHIFT-. Also, SHIFT direct clears BTAVL, 
removing TYIMB in conjunction with the disappearance of RFNIB. 
Since DONET is not true, TDELY (adjustable for desired 
IMP-to-Host transmission rate) fires on the trailing edge of 
SHIFT. The trailing edge of TDELY sets BTAVL to indicate that a 
new bit is available. 
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This sequence repeats until DONET, an all 1's detector, 
comes true after the 15th SHIFT. On the 16th SHIFT, since DONET 
is true, TDELY does not fire. Instead, because EOBTX is false, 
the trailing edge of SHIFT sets RDYTF, raising REDYT. When NOWTX 
is returned by the DMA, this new word and succeeding words are 
transferred as above. . 


When the last word of the buffer is requested, the DMA 
raises EOB (EOBTX+) sometime after it sees REDYT, but before it 
raises NOWTX. This time when DONET comes true, if EOMTX was true 
(last packet), LIBTF is set. This appears at the Host as LIBIT+ 
(LAST IMP BIT), indicating that the next bit will be the last bit 
of the message. If EOMTX was not true, LIBTF will not be set. 
In either case, on the trailing edge of the next shift, which 
follows transmission of the sixteenth bit, BUSYT is shut off. 
The fall of BUSYT sets RINTT (DOINT at the DMA). The DMA 
acknowledges this interrupt request by raising INTDN (CLRIT-, 
40-60 ns), which direct clears RINTT. The interface is ready now 
for another START pulse. 


In the event that a data word access fails and QUIT appears 
on the bus, the DMA asserts QUIT (QUITT-, 80-100 ns). This is 
used to direct clear BUSYT, which holds BTAVL clear. It also 
direct clears RINTT, preventing the fall of BUSYT from setting 
RINTT. At the same time, since BUSYT was true, the rise of QUITT 
sets QUINT, raising DOINT to the DMA. When the DMA returns 
CLRIT, the interface is quiet once again. If the interrupt 
access should fail, QUITT will come true while DOINT is true. 
This will direct clear RINTT if it is set. However, if QUINT is 
true, the leading edge of QUITT will clear QUINT since BUSYT is 
false. In either case, QUITT will shut off DOINT, once again 
leaving the interface quiet. 


There are four ways to generate the clear signals used in 
this section of the interface (see HLC22). A bus MASTER RESET is 
passed to the interface from the DMA as MRES (MRESX+, 500 
microseconds) and as RESET (RESETT+, 500 microseconds) which 
appears as RESTT in the transmit section. These signals clear 
all but one of the flops, and reset all delays to render’ the 
transmit section quiescent. RESET can be generated under program 
control also and passed from the DMA (100-150 nsec). In this 
case the interface is cleared as above, except that RINTT is not 
directly altered. If the interface has been active, the fall of 
BUSYT sets RINTT. When the DMA responds, the interface is left 
quiet. 
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Writing a begin pointer causes the DMA to assert RSTRT 
(RSTRT+, 100-150 ns). The effect is identical to the assertion 
of RSETT. Also identical is the effect of looping or unlooping 
the interface. An active interface in either case will raise 
DOINT. 


In the case of a looped interface, signals to and from the 
IMP are shut off (BNABL false and LOOPX true) and corresponding 
Signals from the receive section are gated on when IMRDY is true 
(LPRDY true). Operation is otherwise identical. 


Input Section (HLC21 


When the receive end pointer is written, the DMA asserts 
START (STRTR+, 100-150 ons). This signal direct sets BUSYR to 
indicate that the interface is active, direct clears the 74161 
bit counter, insures that RDYRF is cleared, and since neither 
LASTR, LASTP, or DONER is true, its trailing edge fires RDELY 
(adjustable for desired Host-to-IMP transmission rate). Since 
TYBTN is false and neither RDYRF nor NOWRX are true, the trailing 
edge of REDLY sets RFNBF, and, since the interface is  unlooped, 
this appears at the Host as RFNHB+ (READY FOR NEXT HOST BIT). 


When the Host asserts TYHBX+ (THERE'S YOUR HOST BIT) to 
indicate that a bit is available on the Host Data line (HSDTA+), 
the leading edge of TYHBX sets TYNHB. Any subsequent transitions 
will have no effect until the next bit is available. This 
prevents uncontrolled transitions on TYHBX from causing excessive 
interface activity. The rise of TYNHB fires SHIFR (100 ns) which 
direct clears RFNBF. The leading edge of SHIFR shifts the data 
into the low order bit of the shift register and the trailing 
edge increments the bit counter. Since DONER, LASTR and _ LASTP 
still are not true, the trailing edge of SHIFR also fires RDELY 
when TYBIN is false and RDELY has run out, RFNBF is set again and 
the above sequence is repeated. 


On the trailing edge of the 15th SHIFR, DONER comes’ true, 
indicating all 1's in the bit counter. On the next SHIFR 
accompanying the 16th bit, RDYRF is set on the leading edge and 
REDYR+ (READY) is raised to the DMA to indicate that a word is 
available for a data access. When the DMA responds by raising 
NOWR (NOWRX+, 40-60 ns) the data drivers to the INFIBUS (HLC22) 


are enabled and the data word is_ stored. NOWRX also direct 
Clears RDYRF and since EOBLP is false, its trailing edge fires 
RDELY to start input of the next word. However, the fall of 


RDELY or TYBIN cannot set RFNBF while a memory access is in 
progress since RDYRF and NOWRX must be false to set RFNBF. 
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When a word access will fill a buffer, the DMA asserts EOB 
(EOBRX+) to indicate this condition sometime after the interface 
has raised REDYR but before the DMA issues NOWRX. The result is 
that since EOBRX is true, the trailing edge of NOWRX clears 


BUSYR, indicating that the interface is no longer active. The 
fall of BUSYR sets RINTR (DOINT at the DMA) to request the DMA to 
issue an interrupt. The DMA responds to the interrupt by 


asserting INTDN (CLRIR-, 40-60 ms) which direct clears’ RINTR, 
leaving the interface ready to accept the next STRTR pulse. 


When the Host raises TYHBX with the last bit of a given 
message, he also raises LAST HOST BIT (LHBIT+). If the card is 
jumpered to pad with a 1 followed by zeros, the leading edge of 
the resultant SHIFR sets LASTR. What happens next depends on the 
relationship of the last bit to the HSMIMP word boundary. Under 
all circumstances, the interface must append a marking one bit 
after the last bit followed by enough zeros (0 to 15) to fill up 
the current word. The interesting cases occur when the last bit 
falls between the 1st to 14th bit of the word, at the 15th bit, 
or at the 16th bit. Since LASTR is set by SHIFR following the 
last bit, but DONER is false, the trailing edge of SHIFR fires 
PADLY (100 ns), whose trailing edge sets PADFF. The leading edge 
of PADFF fires SHIFR, but since LASTR is true, the register 
shifts a one into its low order bit. Note that because of the 
bus drivers the shift register is operating inverted. The 
leading edge of SHIFR also sets LASTP, which direct clears LASTR. 
Since LASTP is now true, the trailing edge of SHIFR once again 
fires PADLY which sets PADFF, firing SHIFR. This time the bit 
shifted into the register is zero since LASTR is now false and 
LASTP is true. The clock input to LASTP is disabled, however, 
Since it is now set. This sequence is repeated until DONER comes 
true as above. Since LASTP is true, the trailing edge of NOWRX 
Clears BUSYR, setting DOINR. As before, the operation is 
terminated by CLRIR. The DMA reads LASTP to determine that this 
is the last packet of the message. This line (LASTM) is true 
only at the DMA, however, when ERORF, indicating a receiver 
error, is false. 


Should the last bit of the message be the 15th bit of the 
word, everything proceeds as above, but since DONER is’ true 
following the 15th bit, the 16th SHIFT captures a one and causes 
RDYRF to be set. Since the last SHIFR was able to set LASTP, the 
trailing edge of NOWRX clears BUSYR, and DOINR is set as above. 


In the case where the last bit of the message falls on the 
16th bit, RDYRF is set in the usual way, but NOWRX will find 
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LASTR set and its trailing edge will fire PADLY. As above, first 
a one, then 15 zeros, will be shifted into the register. Since 
LASTR is true, the final data access will be followed by DOINT 
being set. In the event that the word containing the last bit 
fills the buffer, the presence of EOBRX will cause NOWRX to clear 
BUSYR, setting DOINR. When the next input is begun with STRTR, 
PADLY fires on its trailing edge and, as before, the marking bit 
and padding bits are shifted into the register followed by a data 
access and interrupt. 


On the other hand, if the ecard is jumpered to pad only 
zeros, the leading edge of the SHIFR after LHBIT sets LASTP. The 
padding sequence is essentially identical to that described 
‘above, with the exception that LASTR never comes true, and LASTP 
comes true one bit earlier. For instance, if the last bit falls 
at the 16th bit of a word, no padding will take place, since 
LASTP will be true when NOWRX comes true following the data 
access. 


Response to a QUIT is identical to that for transmit. QUIT 
passed from the DMA (QUITR-, 80-100 ns) direct clears BUSYR, if 
it has been set, and direct clears RINTR. If BUSYR has been set, 
QUINR will be set on the leading edge of QUITR, raising DOINT to 
the DMA. Similarly if DOINT has been true previously, RINTR will 
either be direct cleared, or cleared on the leading edge of QUITR 
Since BUSYT is true. 


Operation of the various reset options is identical to that 
for transmit. Refer to the previous section and drawing HLC22. 
As for transmit, looping the interface substitutes transmit side 
Signals for Host signals, but operation is otherwise the same. 


Status and Interconnection (HLC22 


Three main functions are contained in this logic: Host and 
IMP ready and error, interface loop, and status as read. The 
remainder is miscellaneous inversion of DMA control _ signals, 
generation of the reset signals, bus drivers, receiver modules, 
and the various external interconnections. 


When writing transmit status, the DMA asserts STBST (RDSTT+, 
100-150 ns). On its leading edge, data bit 12 (DBR12) is sampled 
to indicate whether IMRFF should be set or clear. if. Clear, 
IMRDY will be held off, disabling the drivers to the Host. If 
-set, IMRDY will be true when retriggered at the prescribed 
interval by writing to the transmit or receive status words 
causing the DMA to assert STBST (RDSTT or RDSTR, 100-150 ns). 
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If the card is jumpered to use the ready line and if IMRDY 
is set and the interface is unlooped (LOOPX false), a relay 
closes, shorting XMTOT and XMTXN to indicate to the Host that the 
IMP is ready. When the Host is also ready HMRDY is at ground and 
when the interface is unlooped HNABL and BNABL are true, allowing 
gating of certain external signals when both the IMP and Host are 
in a ready condition. HNABL indicates that the Host is ready and 
the interface is unlooped. 


If the card is jumpered to ignore the ready lines, the relay 
will not close and HMRDY is always at ground. 


HERRF is set to indicate a receive error. This can be 
accomplished when HMRDY goes false, direct setting HERRF, when 
the interface is not looped. Whenever IMRDY goes false, this 
also direct sets  HERRF. The error condition is cleared by 
starting a new input when STRTR direct clears HERRF. 


In the looped interface, HRDYX follows IMRDY, while in the 
unlooped state it follows HMRDY. In either case the ERROR line 
to the DMA (ERORR) is true when HERRF is true. 


For both receive and transmit, the ERROR line to the DMA is 
asserted if an interrupt request is caused by other than a normal 
end of message. It is cleared by either a Master Reset or a 
START from the DMA. For transmit, the fall of BUSYT sets ERORT 
if RESTT is true. Once set, the clock input is disabled and 
ERORT can be direct cleared only by MRESX or by START. If QUITT 
is asserted, ERORT will be direct set. ERORT+ occurs at the DMA 
as ERORT. 


The receive error logic is essentially identical, but HERRF 
direct sets’ ERORR. The two error status bits, HREOM and HERRX 
respectively, are true when there has been a Host error with and 
without an end of message indication. 


Transmit and receive ERROR is true while the transmit and 
receive sections are active (BUSY T and BUSY R true). 


Looping is accomplished in the following way. Receive STBST 
(RDSTR, 100-150 ns) samples data bit 14 on the INFIBUS (DBR14) 
into GOLUP. The trailing edge of RDSTR samples GOLUP into LOOPX. 
If the contents of LOOPX ever are different from DBR14 during 
RDSTR, LPRST will be asserted. This signal is a component of 
RESTT and RESTR, so as looping or unlooping takes place, both 
sides of the interface are cleared, and if they were active, 
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interrupts will result. MASTER RESET on the INFIBUS will cause 
the DMA to issue MRES (MRESX+, 500 microseconds) which forces the 
interface into the unlooped state. 


When status is read from the DMA, it asserts GVST for either 
transmit or receive (STSTX+ or STSRX+, 100-150 ns). These | 
signals are used to gate various status conditions onto the open 
collector bus to the DMA. GOLUP is read for either transmit or 
receive; BUSYT and IMRDY are read for transmit; BUSYR, HRDYX, 
HERRX and HREOM are read for receive. The device-type number, 2, 
is put on the open collector bus when the DMA asserts GVDT 
(STSDX+, 100-150 ns). 


As can be seen, the two reset signals, RESTT and RESTR, are 
formed of the components discussed earlier. Other signals from 
the DMA are inverted to achieve the proper sense for use in the 
control logic. 


Switches (HLC2 


Device-type data, and transmit and receive PI codes are made 
available to the DMA by driving open collector inverters’ onto 
those lines to the DMA where the switches have been installed. 
This delivers the proper code to the DMA at the proper time. The 
other switches are straightforward and all switch functions are 
described in the HLC functional specification. 


Drivers and Receivers 


IMP drivers are discrete component current drivers allowing 
interconnection of a number of IMP interfaces to the same Host. 
When IMRDY is either cleared or timed out, the drivers are 
disabled, allowing the drivers in another interface to drive the 
lines to the Host. IMP receivers are high impedance Schmitt 
trigger inverters. These lines terminate in 68 ohm resistors at 
the driver to achieve a typical signal level of about 5 volts at 


the receiver. When connecting more than one interface in 
parallel to the same Host, the termination resistors must be 
removed from all but the last interface card in the string. The 


driver is described below in detail. 


The 26=-pin connector on the interface board is laid out to 
provide a ground line between each adjacent signal wire in a flat 
ribbon cable to avoid cross talk. Alternatively, the return line 
of each twisted pair will be grounded using flat woven cable. 
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Drivers and receivers to and from the DMA are standard TTL 
gates employed as described in the functional specifications for 
the DMA and the Compatible Local Host. Bus drivers and receivers 
are the standard CMI integrated circuits. 


1502 V2w 10% INS60B 


DD = WIREWRAP PIN 


Figure 1 Typical Driver 
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In the "1" state, the output of the 7407 is at ground, 
causing the 9.1 volt Zener diode to conduct. The transistor base 
is then at 5.9 volts, with current through the Zener diode at 
about 20 ma. The transistor will now conduct, with the emitter 
at about 6.6 volts. The collector current will then be about 75 
ma causing a 5 volt drop across the 68 ohm load resistor. 


When the input is in the "0" state, the open collector 
output of the 7407 will be pulled up to +15 volts shutting off 
the transistor. Therefore, since no voltage is developed across 
the load resistor, line voltage is zero. 


The diode in the collector lead is to cause an inactive 
driver to present a high impedance to the line, even when no 
power is applied to that driver. 
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HST =— LOCAL/DISTANT HOST INTERFACE . BBN 
see also DMA 


Status - address FXXX6(receive), FXXXC(transmit) 
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Note: Writing to either status address pokes watchdog timer 


Device Type 
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PL Transmit PI Receive 
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HST = 


JUMPERS 


ONE 


NO ONE 


ENABLE 


DISABLE 


mae 
REE 


SPEED (SPEED= ) 


High Speed (H) 


TRANSMIT remove .001 ufd capacitor 
between C1l0-6 and C10-11 
RECEIVE remove .001 ufd capacitor 


between C10-7 and C10-10 


ee. 16 


eee: 
ft ee 
ee. 


LOCAL/DISTANT HOST INTERFACE (continued) 


PADDING 
“Type [Connect Type 
ce PFrom: | Te 


Low Speed (L) 


add .001 ufd capacitor 
between C10-6 and C10-11 


add .001 ufd capacitor 


 petween ClO-7 and C10-10 
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Hot 


pin No. 


LOCAL/DISTANT SOCKET 


IMP ready 

IMP ready return 

Host ready 

Host ready return 

Ready for next host bit + 
Ready for next host bit - 
There's your IMP bit + 
There's your IMP bit - 

IMP data + 

IMP data - 

Last IMP bit + 

Last IMP bit - 

Ready for next IMP bit + 
Ready for next IMP bit - 
There's your Host bit + 
There's your Host bit - 
Host data + 

Host data = 

bast Host bit + 

Last host bit - See 
There's your IMP bit/Local 
GND 

Ready for next Host bit/Local 
GND | 
IMP data/Local 

GND 

Last IMP bit/Local 

GND 
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RECEIVER ‘OPTION (RCV=_) (choose only 1) 


LOCAL RECEIVERS (LR) DISTANT RECEIVERS (DR) (3€) 


20] 


J21D= 49 WIRE 


WRAP 
J22p= UB PINS 
ON 
J23N= 50 CARD 
EDGE 
Jeun= 47 
TERMINATION OPTIONS (TERM= ) 
DISTANT DRIVERS (DD) DISTANT RECEIVERS (DR) 


7a ZL 
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LOCAL DRIVERS (LD) LOCAL RECEIVERS (LR) 


Notes: 


1. For 1822 local and distant levels only terminate 
drivers. 

2. For V.35 option terminate both distant drivers and 
receivers. 

3. In all cases, if two HSTs are paired for redundancy, 
only terminate at most one set of drivers and/or 
receivers. 

4. Local receiver and distant receiver strappings are 
mutually exclusive. 
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J2-PINS $1,52,53,54 


COMPONENT VALUES ; NOTES 
R72 53.3 Kn-t/4w i, = NOTCH SHOWN IN BUGS INDICATES 
: . INSERTION DIRECTION 


R73 *=FS.1Ka-l/4w 
C6,7,8,9 = 18 Ped 2 — WIRE WRAP PINS 
3 — LEFT MOST PAIR OF PINS UNUSED 


4 — FOR ASSY EASE, MOUNT THESE 2 CAPACITORS 
DURING BOARD CHECKOUT 
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|B EN 255 22.77/97 
HE-SGCEVN KS a 
HST DISCRETE COMPONENTS 


Cis 1 MFO 


Ri = 3.9K 2-172 W 

R2-°4,6,8,10, 12 ,14,16,18,20 = 549m UNLESS OTHERWISE NOTED 

RS, 7,9, 1, 13,15,17,19, 21°28 © 274n ALL RESISTOR 2 1/4W 

R29 * 3.9Ka 

R30 * 3904 -tw 

R31,32,34,35, 37,38 , 40, 41,43, 44, 
46,47, 49 ,50,52,53* 300n 

R33 ,36,39,42,45,48 ,51,54 = I2tan 

R335 ,59,63,67 » 150~- 1/2W 

R56,60, 64,68: 3904-1/2W 

RS57,61,65,69 = NS w- Fw 

R56 ,62,66,70* 68n 

RTs tKa 


O1= INS2358 
02° 22,24,26,28,30 = IN3064 
023,25,27,29 = IN960B 


Q1,2,4,6,.8.10,12,14,16,18, 20 = 2N3904 
7 ‘ 


Q3,5,7,9,1,!3,!5,17, 19 = 2N3906 
Q21-24 = 2N2904 
NOTES 


1 - ALL DIMENSIONS ARE IN INCHES, DATUM LINES SCALED FROM € 
OF TOOLING HOLE (LOCATED IN LOWER RT SIDE OF HST CARD) 


2- WIRE WRAP PINS SYMSOL 


3- DIODES (+) SYMBOL INDICATES: G—e BoTTOM END OR G-S TOPEND AS 
PER DIODE SYMBOL {Or 


4- MOUNT ALL VERTICALLY MTD DIODES € RESISTORS 1/32" UP OFF BOARD 
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SCALE REV - sucer / of S 


HST ASSEMBLY 


This applies to HST Multiwire Boards whose multiwiring plots 
(HST-08) are REV. A. 


Make the following cuts and adds: 

(Cuts should be made as shallow as possible, with a small 
portion of the cut wire removed. Adds should be made on the 
component side of the board and should be routed under 
components to secure them. Adds should be terminated by 
soldering into holes shared by IC leads. See attached 
diagrams.) 


a. CutsS on component side (before insertion of components) : 


1) F2:9 + G2:1 
2) L4:6 > B9:10 


b. Cuts on solder side (after soldering): 


1) F2:9 + C2:6 
2) Al:6 > Al:9 


c. Adds (after soldering): 


1) C2:6 + G2:1 
2) C2:5 + A2:3 
3) A2:1 + F2:9 
4) E4:11 > A2:2 
5) Al:6 + E6:5 
6) E6:6 > E6:9 
7) §E6:8 + Al:9 
8) 4:4 + B9:10 
9) Al10:9 + Al0:14 
10) B10:9 + B10:14 
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INTERFACE LEVEL CONVERTERS 


The Interface Level Converters change output and input 
voltage levels from the Pluribus MLR card (Pluribus Modem 
Interface) to various electrical protocols. The level converters 
are designed to be connected in parallel as part of the Pluribus 


philosophy of redundant abilities. 


This document is a detailed description of the operation of 


the ILC. 
OPERATION OF THE ILC 


The ILC receives two signals from the MLR card (TData_ and 
TLoop) and sends three signals to the MLR card (TClk, RData, and — 


RClk). We shall examine the received signals first. 


TDATA- This Signal is received on tie ILC card by an 8T14 
line receiver integrated circuit. The output of the chip feeds a 
74123 retriggerable monostable multivibrator (a watchdog timer 
for the card) and a 75452 dual peripheral driver integrated 
circuit. The watchdog timer has a time period of about 0.3 
seconds during which it must be retriggered by arriving data or 
Syn characters. If no characters arrive, it will shut off the 


outputs of the ILC. 


During the normal case, the data going into the 75452 is 
inverted on one channel, introducing a worst case 22 nanosecond 
skew- a negligible amount on a worst case data bit of 667 


nanoseconds at a transmission rate of 1.5 megabits per second. 
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Data then enters the discrete current driver section of the 
de OH Oe The current driver can be examined for a typical case By 
following data flow from one half of the 75452 with the card 
configured for the MIL-188-100 case. A positive signal at an 
input of the 75452 turns on its internal transistor causing the 
two resistors between the collector and +15 volts to become a 
voltage divider. The drop in voltage to +8.6 volts at the base 
of the 2N2905 transistor forces it on. This causes a 10 milliamp 
current through the emitter and places +9.3 volts at the base of 
the second 2N2905 and -8.6 volts at the base of the 2N2219 
transistor. Both of these transistors turn on, forcing a 50 
milliamp current through the 100 ohm load and establishing a 5 
volt potential across it. By removing transistors or using 
different values for resistors, several different electrical 


protocols can be generated. 


When the data entering the 75452 is a low signal, the first 
gate is turned off and the second half of the ILC is activated. 
This causes a reversal of current flow and the opposite potential 


to form at the load. 


TLOOP-This received signal goes through an identical circuit 


to TDATA except that it does not poke the watchdog timer. 


TCLK, RCLK, and RDATA- These signals are all sent to the MLR 
ecard from the ILC via 8T13 drivers. The 75107B receivers and the 
8T16 receivers can be configured to meet different protocols in 


conjunction with the optional termination resistors on the card. 
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OUTPUT CONNECTORS 


The output connector on the front panel of the ILC will vary 
according to different customer's needs. Currently documented 
are an ITT CANNON GK-12-32SL for NSA and a CINCH DB-25P for the 


RS-232 protocol. 
SINGLE ILC 


In the case of a nonredundant Pluribus system, a single ILC 
would be used for level conversion. All the termination 
resistors would then be mounted on the circuit card in the forked 


turrets provided. 
DOUBLE ILC 


Two ILC's can be connected in parallel for redundancy. To 
accomplish this while maintaining the integrity of the 
transmission line required two features. First, the differential 
drivers were chosen to be current drivers to present a 
high-impedance load on the transmission line when not active or 


powered down. 


Second, the driver and receiver terminating resistors were 
placed on a moveable resistor plug to force termination at the 


end of the transmission line. 


All differential signals passing through the Cannon plug are 
present on both ILC cards at all times. The choice of which ILC 
is active is handled by the Pluribus computer by which I/0 


interface is being used. 
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KGB Interface 
Logie Description 


Revised March 21, 1978 by A, Lake 


The KGB card allows the connection of the Black side of a Series 

30 Key Generator (KG) to a Private Line Interface (PLI), Understanding 
of this togie description requires a knowledge of the KGR and KGB 
Functional Specifications, {mn addition to the data sheets on the 
COMe26e} USRT integrated circuit (Universal Synehroneus Receiver 
Transmitter), the 3341 FIFO memory chip, and the 1800108 optical 
isolator, A detailed understanding of the kG vate itself {s not 
required, but familiarity with it (through the PLI Maintenance Guide) 
will be usefule Figure 1 {8 a block diagram of the KGB logics showing 


the interface registers and contro! structure, 


Deawing KGBw2ts MISC CONTROL 8 REDeTOwBLACK RECEIVER 


Drawing 2@ contains the logic and buffering for various Infibus 
eontro! signals, and the RedetorBlack word data receivers, The 7414 
Schmittetriagers in the upper right corner are used to buffer the 
ineoming Reb data path which originates on KGRe2@ and passes threaugh 
feedethru capacitors in the PLI bulkhead, The eight data bits (RBW@e7) 
@o to the Infibus data multiplexers on drawing KGBw2e, The 
RedetosBlacksBuseReset signal (RBBR+) is asserted by the Red PLI to 


cause a complete hardware reset in the Black PLI, The signal passes 
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from the T7414 to dual 7438 buffer gates in the upper center of the 
drawing, which then deive the Infibus PSTAT line, assertion of whieh 


causes a bus reset and power restore interrupt of the Black PLI, 


Im the upper left, the discentinoys Infibus signals are carried 
from one side of the Infibus connector to the other, including the 
precedence pulse PCDAB+, The remaining four Infibus siaqnals used 
actively in the KGB card are thet Strobe, Dome Pulse, Master Reset, 
and Rite signals, These are interfaced im the BDR D1, The Status of 


the Rite siqnal during a particular memory reference is held in a 


flipeflonp whose outputs are RITE+ and RITE, KGB 


KGB=218s ADDRESS DECODING 


Drawing 21 shows the interface address decoding for this card, 
The logie is straightforward and conventional, At the left are 5S BORs 
providing a direct interface to the INFIBUS, Their inputs are unused 
Cleft floating but gated off by grounding the strobes), and thelr 
outputs are used as part of the address selection logic, The switches 
an the card are used to select the address to be recognized by an 
individyal card, To the right of center 18 a L3"imnut ANDegate, whose 
output ADCOMe indicates that the address specified on the bua matches 
the switch settings on the card, Its inputs include bits 16019 
umgated, and bits 4e{3 as selected by switches shown at the bottom of 
the drawing, Also included is AB@3e, as the KGB jay ide* wenlaeers only 
eccuPpy the lower 8 bytes of the 16 byte address space specified by ABAY4 
theu ABI9, | 
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The 7486 and 74136 bugs are exclusivesOR circuits used for address 
comparisom, Note 1 om the drawing indicates that a switch closure is 
used to specify recognition of a l in the corresponding address bit, 
It does this by grounding the 1 input of the exclusiveeor circuit 
associated with {t, For example, with ASLile grounded by the lowest 
switch im the leftmost switch of AS, a positive gate output ABSI1e wil} 
occur whem the second gate input ABII+ is high, This will occur when 
the associated BDR input «8 low, indicating assertion of ABIIB# on the 
INFIBUS, The outnut of the 14 gates in C3, B2, and B3 is a wiredeAND 


confiauration going high only when bits 4e13 compare correct lV, 


At the hottom of the drawing, an additional dewskewing gate is 
used to delay the strobe pulse STRB+ by am amount equivalent to the 
delay in the individual data bits before triqgering the flinpeflon whose 
outout is ME+, A gate is also provided to inhibit ADSTR* from clocking 
the flipeflop if the bus HOLD signal is present, Note that until the 
address selection cycle is started, the STRB+ pulse keeps the flip=flop 
in the "{" state, ME+ is a synchronized address selection signal used 
for al} subsequent address dependent functions, Following this 
tlipe flop is a 15@ ms delay whose output ultimately generates a 6@ As 
DONE pulse, Below this circuit {s a single ANDegate whose output 


ORSTR+ is used to strohe the data BDRS during a read operation, 


In the upper right corner of the drawing is am octal decoder, 
which is used to strobe the appropriate interface registers, Its 
inputs are the RITE signal, and the low opder address bits 1 and 2, al} 


strobed by MEPLS+#¢, 
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KGBe22! DATA BOR*s and MUX 


Drawing 22 contains the data multiplexer and BORsS used to 
interface with the data portion of the INFIBUS, The 4 BORS are shown 
at the right of the drawings their nonebus outputs im all cases go toe 
other drawings, Each of their inputs comes from a flipeflop used to 
synchronize the data information with the INFIBUS reading ecyele, The 
fl)ipeflops themselves are contained on three cirevits near the top 
center of the drawing, In all three cases the strobe used to latch the 
data is the datamread strobe DRSTRe, Note that this is the same signa} 
waed to strobe the BORs themselves, This does not crohibit ehange of 
the siqnals on the INFIBUS at the beginning of the cycle, but the 158 
ns duration of DRSTR+ is sufficient to ensure stabilization of outputs 


by the time DONE {8 assented, when the signals are used on the bus, 


The remaining logic is part of the data multiplexer, The low 
opder 2 bits of the address decoding are brought im at the bottam of 
each bugs, and the data bits to be decoded are brought in at the left, 
The KGB Functional Speeification’s bit assignment chart will be of 


considerable help in understanding the origin of these signals, 


KGBe23, OPT ISOLATORS and KG CONTROL 


Logie for communicating over the BlacketowRed path through the 
optical isolators {8 shown om KGB#23 and KGRe23, Storing @ word inte 
the BR word results in assertion of WBR which will set the BR Buffer 


Full flop. Flow contro! over the BeR path {8s accomplished by the 
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BlacketoeRedeWordeEmpty line (B2RWE), When the BeR word has been 
received by the Red program the B2RWE line will be asserted, clearing 


the BR Buffer Full flop, 


The BeR word written ie held in a 12 bit buffer whose outputs 
drive 7425 inverters which, in turn, drive the isolator ineuvt diodes, 
The 332 ohm pulleup resistors provide {Sma of current whieh is switched 
into the isolator diodes or sinked by the 74058, The output voltege 
will therefore be only 0,8 volts max, At the isolator outputs, rise 
and fall times (isolators produce logical inversion) wil! be about &@e 


and 1Semicrosecends respectively, 


At the same time the data bits change, the BReBuffereFull sianal 
is generated and transmitted over optics! isolator path #15, In the 
KGR card this signal is filtered and used to deskew and strobe the 
imeoming BeR word, Isolator path #14 is presently unused, Iselator 
path #11 is independent of the status of Black’s BeR word, controlled 
instead by a flipsfien (bottom center of #23) whieh is set by SC1A and 
cleared by SCil, Two bits are used for its control so that the program 
could change other contro] functions without affeeting this flipefiop, 
This line is used on the KGR card to gate on the Transmitter Gated 


~—Cloek (TGCK), and 48 monitored on the KGB card via SC1@, 


Isolator path #18 {a used to reset Red’s bus by asserting Red 
PWTST,. An inverter {8 provided on the output of the 74174 buffer to 
allow the OBRS cable to he diseonnected without causing constant 


assertion of IS01A, 
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The connector for low speed KG signals is shown at the left side 
of KGRe23, KGePower and Alarm status are sensed by schmitt triqgers, 
conveyed to the KGB as status bits SC@6 and SCA7, and passed through 
isolators 12 and 13 to the KGR card, independent of Black program 


activity, 


The MIAR signal (see «G specs) i8 a relay closure to ground 
produced by a 7mS aneshot triggered by SC bit 1, The duration is 
sufficient to meet KG pequirements, and the state of the omeshot may be 


sensed as SC bit @1, 


KGB 


Shown for peference is the remaining signal (TPREP) entering the 
FKGA cable even though it bypasses the KGB card, Both TPREP and KMIAR 
will show. distortion and lousy edge speeds due to the effects of the 


“KG*s TEMPEST filters, 


KGRe243: USRT Receiver 


The normal sequence of events controlling this portion of the 
logic is as followss During initialization the program will have 
stored a ReceiveeSync character im the USRT, Further, either Master 
Reset or the program will have gated on the InputeClock#fliptioep 
(GICON) shown at the bottom center of the drawing, A random seria) 
data stream will arrive on the KTDO line from the KG and will appear 
at pin 22 of the USRT since the program has not dpaceiicd looptest 
(LOOP negated), When apnropriate to get in newanceaune (analogous to 
Modem sync) a Receiver Reset is issued by setting bit @a of the SC 
word, In the lower left of the drawing, this asserts IRES and RSET and 
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fipes a oneshot that provides the pulse required by the USRT, This 
places the USRT into "SYNesearch" moder, and the USRT seans the serial 
deta for eight bits thet match the presspcitied Receiveresyne 


character, 


When a SYN (8 received, pin 17 48 raised (RD14) priming the 1SYN 
flipfiop Just before assertion of the Input Data Available (IDA) signe) 
from the USRT pin 26, Two or more adjacent SYNs are reauired for valid 
message syne, 80 if the second byte received 4s not SYN the four inputs 
of the NOISE gate (bottom center) are high and the IRESP bmeaee ie 
pulsed again, reinitializing SYNesearch, The 33pf capacitor stretches 


the NOISE signal enough to prevent a runt pulse on the oneshot input, 


If the byte following the SYN {s a second SYN the 2SYN flipfiop 
will be set by the following IDA pulser and one input of the NSYNegate 
will be asserted, This state will remain for as long as additional 
SYNs are received, However, when the first noneSYN is received NSYN ig 
asserted and the DATA flipflep is sets concluding the SYNeseareh mode, 
The foureinout NOISE gate is disabled so that further SYNa in the dete 
etream will be ignored until the program initiates S¥Nesearch mode 


again, 


In the data mode, as long as the input rank of the FIFOs {8 empty, 
(IIR siqnals)s the presentation of a new byte at the USRT outputs CIDA 
asserted) will trigaer the 480nS oneshot, This produces Input Deta 
Available Reset (IDAR) which strobes the data from the USRT to the FIFO 
CU2FST) and clears the RDA signal, although the siuqgishness of the 
USRT makes the RDA pulse last about 197 nS in what would otherwise be a 
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In the event that the FIFO memory is full, IFIR at the oneshoet 
input will be negated, and no IDAR will be generated by the IDA signa} 
whdeh now willl pemain asserted, It wills, however,s, trigger the ICKON 
flipflop im the upper left corner of #24, and this will aete off the 
imput cloek counter, halting clock pulses to both the KG and the USRT 
receiver, This situation will remain until the FIFO ceases to be full, 
at which time the IDAR oneshot will fire and the inoue cloek wil) again 
be turned on (CICKON), Note that pricr to data mode, since the FIFOs 
will have been cleared by IRESP, an IDAR wil! alaways follow IDA and 
keep the elock going even though no bytes will he strobed into the 


FIFOs, 


The GICON f#14pflop at the bottom of tre drawing allows the Program 
to exercise further contro! over the clock, but as the Funetional Srees 
atate, it should only turm the clock off while it {8 already off, due 


to its aaynchronous nature, 


When the FIFO input byte percolates to the FIFO outputs, the 
Transmitter FIFO OutputeReady (TFOR) signal is asserted, This és 
synchronized with the Infibus STRB signal and presents a Dete Ready 
signal to the program as bit 15 of the Read Data word, The program 
will periodically read the data word and tanore ft unless it is 
negative (bit 15 ts set), “hen it does pead a negative data word, the 
‘combination of DAS1S5 and RDAT produces TSO which clears both the Data 


Ready fijeflop and the output rank of the FIFOs, 


At the left center of the drawing, the 74158 decoder provides the 
necessary gating to effect a loepbaek test mode, The LOOP signal, 


eneeu LO or 1.7 


KGB Interface 

Logic Description 

originating on KGBw25, eauses the USRT clock sianal ICP to be derived 
from the output clock OCLK rather than the normal ICLK signal, 
Similariyse the serial data into the USRT is derived from its own serial 
output data OTSO rather than the KG*s TransmitsDataeOue (KTDO) signal, 
Provision is made on KGBe25 for the test eloek to he gated off in 
loopback by either the full state of the input FIFOs or the empty state 


of the output FIFOs, The USRT is thus prevented from automatically 


inserting SYN characters even in loopback, 


KGBw25: USRT Transmitter 


Orawing 25 shows the serial output portion of the KGB, whieh 
interfaces the Black side of the KG Receiver, The MIL™188 drivers 
(9616) are shown to the left of the USRT, Their outputs, i¢ 
unterminated, would be + of © 6 voltS,» but Proper termimation at the KG 
inputs pedyces this to about + of = 3.8 volts, The drivers are gated 


off during LOOP test, 


Bits G99 of the Data Bus are buffered in the three FIFO memory 
chips, When the input rank of the FIFOs {8 empty, a three input gate 
asserts SC15 siaqnifying that the Transmitter Buffer is Empty, The 
program, sensing this Status/Conmtrol bit, cam store a new data byte 
into the FIFO, 

The write data signa) wWDAT will shift the data bus bits into the 


FIFOS, dropping the Empty signal unti! the first rank is empty again, 


When the 14ebit byte reaches the output pank of the FIFOs, OFOR 
(Qutput FIFO Quytoput Ready) will fire the ABQ nS oneshot if the USRT*%sg 
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Transmitter Buffer Empty (OBMT) signal is high, op wait for it to ge 
high, whem both cenditiongs are satisfied the FIFOeto#USRT Strobe 
(F2UST) transfers the FIFO byte into the USRT, As outlined {nthe 
Functional Specs, if bits 8 or 9 are set, the remaining 8 bits are 
transferred to the SYNacharacter holding pegisters inside the USRT, If 
neither 8 nor 9 is present (NOB89) bits Ae7 will enter the USRT data 
register, In addition, if the output clock had been gated off by the 
ORUN flipflop, the arrival of a new data byte at the FIFO outputs would 


have set ORUN again, 


The ORUN flipflop will be reset only if the USRT empties its 
buffer (OBMT) requesting a mew byte at a time when no byte {8 available 
at the FIFO outputs, Until a new byte perecolates to the FIFO outputs, 
the Ser .wulaes to the KG and the USRT transmitter will be gated off, 
thus avoiding the automatic insertion of a Transmitter Sync Chapacter 


into the data stream by the USRT (see USRT data sheet), 


KGBe26: SERIAL DATA CLOCK COUNTERS 


The Input Clock and Qutput Clock pulses (¢€ICLK amd OCLK) are 
derived from the 25 MHz Infibus clock signal, Trree DIP switches are 
provided to allow the selection of one of eight basic clock speeds 
panaina from 24,4 to 97,6 KBaud aS tabulated on the drawing, The 
switches determine the "preset" count of the seconds thrusefourth stages 


of the first counter, The second counter simply divides by sixteen, 


Gating of the Output clock has the added complication that, since 
ICLK is mot used during loopback, CCLK must be controlled by both OCGO 
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and ICKON, The gate struveture {8 such that when LOOP {8 negated, 
INLOP+ ig high and only OCGO affects the output cloek, OCGO will be 
asserted whenever the outPut {8s running (ORUN) and the Red Reeeiver 


Fifo is ready (RRFR), 
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KGR Interface 
Logic Description 


Revised February 6, 1979 by A, Lake 


The KGR card allows the conmmection of the Red side of a Series 3¢ 
Key Generator (KG) to a Private Line Interface (PLI), Understanding of 
this logic description requires a knowledge of the KGR = and KGB 
Funetional Specifications, in addition to the data sheetS on the 
COMe26R 4 USRT integrated ecircuit (Universal Synehronous Receiver 
Transmitter), the 3341 FIFQ memory chip, and the S08#148 optical — 
isolator, A detailed understanding of the KG unit itself is not 
required, but familiarity with it (through the PLI Maintenance Guide) 
will be useful, Siqnals signed + are true when at a TTL Aighk, and 


siqnals siqned = are true when low, 
Drawing KGRw283 MISC CONTROL & REDeTOeBLACK BUFFER 


Drawing 20 contains the buffering for various Infibus contro) 
signals, and the Redeto»Black word data register, The RedetoeBlack 
word data bits (RBWO through RBW7) are strobed from the Infibus iInta 
the holding reaister by the assertion of Transmitter Prep (SC @3), 
Because TPREP is generated by a 6 milliesecond oneshoat (see KGRe23), 
the RendetowKlack word is bandwidth limited to approximately 180 words 
per second for security reasons, The RedetosHlack Bus Reset (RBBR) 


siqnal is also strobed by TPREP and therefore bandwidth limited for the 
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same security reasons, In actual operation the TPREP and RBBR signals 
cause such noticeable and sianificant effects in the Black PLI that the 
real celearpepath bandwidth available between Red and Black will be 


orders of magnitude lower, 


The inverters shown in the upper right hand corner are used to 
drive the cable going to the KGB card, The BiackstowRedeWord Empty 
(B2RWE) flow centro! line shown on this drawing and the RRFR contro} 
signal on KGRe2d Join the aforementioned RBBR and RBKAe7 to form the 
eleven RedstoeBlack signals which are filtered in the PLI Feedthrough 
Capacitor Assembly, and ultimately terminate om drawing KGBHe2a, (12 
capacitors are actually. installed im the PLI bulkhead to provide for 


furure expansion, ) 


In the upper left, the disecontinous Infibus signals are Carried 
from one side of the Infibus cannector to the other, including the 
precedence pulse PCDAB+, The remaining four Infibus signals used 
actively im the KGR card are thet Strobe, Done Pulse, Master Reset, 
and Rite siqnals, These are tnterfaced im the BDR D1, The Status of 
the Rite signal during a particular memory reference is held in a 
flipeflop whose outputs are RITE+ and RITEs, In addition, there are 4 
singlespole switches and their associated pulleup resistors used to 
generate siaqnals in the CardeTyne word (DTAA through DTA3), These 
presently perform mo active loaiec function but may be used to indicate 


baud rates or identify individual cards in a system, 
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KGRw2it ADDRESS DECODING 


Drawing 21 shows the interface address decoding for this card, 
The loate is straightforward and conventional, At the left are S BDRs 
providing a direct interface to the INFIBUS, Their inputs are unused 
(left floating but qated off by grounding the strobes), and thele 
Outputs are used as part of the address selection logic, The switches 
on the card are ysed to select the address to be recognized by an 
individual eard, To the right of center is a i3winput NANDegate, whose 
OULPUt ADCOMe indicates that the address specified on the bys matches 
the switch settings on the card, Its inputs inelude bits to#t9 
ungated, and bits dw13 as selected by Switches shown at the hottom of 
the drawing, Also included is ABU3e, as the KGB device registers only 
occupy the lower 8 bytes of the 16 byte address space specified by AB@Y 


thru AB19, 


The 7486 and 74136 byas are exclusivesO0R circuits used for address 
comparison, Nete {1 on the drawing indicates that a switch closure is 
used to specify recognition of ail in the corresponding address bit, 
It does this by grounding the 1 input of the exelusivewor circuit 
associated with it, For example, with ASLil» grounded by the lowest 
aswitch in the leftmost switch of A%3, a positive gate output ABSi1l+ wil) 
occur when the second gate input ABLI+ ts hiah, This will occur when 
the associated BDR input 18 low, iau(eatinc assertion of ABLIBe on the 
INFI8US, The output of the 14 gates itn C3, Be, and 3 is a wired#AND 


confiquratian going high only when bits 4e13 compare correct] Y, 
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At the bottom of the drawing, an additional deeskewing gate is 
used to delay the strobe pulse STRB+ by an amount equivalent to the 
delay in the individual date bits before triggering the fliipeflop whose 
output is ME+, A gate is also provided to inhibit ADSTRe from clocking 
the flipeflon if the bus HOLD signal is present, Note that until the 
address selection cycle is started, the STRB+ pulse keeps the flipefiop 
in the "1" state, ME+ {8 a synchronized address selection signal used 
for all subsequent address depencent functions, Following this 
flipeflop is a 152 ne delay whose output ultimately generates a 69 ns 
DONE pulse, Below thia circuit {8s a single ANDegate whose output 


DRSTR {es used to strobe the data BORS duping a read aperation, 


In the upper right eorner of the drawing is an octal decoder used 
for strobing or reading the appropriate interface reaisters, Its 
inputs are the RITE signal, and the low order address bits 1 and 2, a}! 


strobed by MEPLS+, 


KGRe2o% DATA BOR*s ang MUX 


Dpawina 22 contains the date multiplexer and BORs used te 
interface with the data portion of the INFIBUS, The 4 BORS are shown 
at the right of the drawings thetr nonebus outputs in all eceses go to 
other drawings, Each of their inputs comes from a Hlipeflop used to 
synchronize the data information with the INFIBUS reading cycle, The 
tlipeflops themselves are contained om three eireuits mear the top 
center of the drawing, Im all three cases the strobe used to lateh the 


date i8 the data=read strobe DRSTR+, Note that this is the same signa) 
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used to strobe the BORs themselves, This does not prohibit change of 
the signals om the INFIBUS at the beginning of the cycle, but the 138 
ns duration of DRSTR+ is sufficient to ensure stabilization of outputs 


by the end of the ecvele, when the signals are used on the bus, 


The remaining loagie {8 part of the data multiplexer, The lew 
order 2 bits of the address decoding are brought {nm at the bottom of 
each bug, and the data bits to be decoded are brought in at the left, 
The KGR Functional Specifticetion®’s bit assignment chart will be of 


considerable help in understanding the origin of these signals, 
KGRe23, OPT ISOLATORS and KG CONTROL 


Loate for communicating over the BlacketoeRed path through the 
ceptical {solators is shown on KGBe23 and KGRe23, A new BOR word is 
sensed by the assertion of the I8015 line whitch, after appropriate 
filtering and deskewing, causes the 12 data bits to be clocked into the 
Ber register (A190 and 818 tn the center of the drawina,) The 189 
mieroesecond oneshot at the top center of the drawing is used to both 
deskew the Iineoming data bits and also insure that noise on the $015 
line does not cause false detection of spurious BeR words, Two gate 
delays after the oneshot times out, the Word Ready fiipflen 18 cloeked 
and, if IS015 {8 ati!) asserted the Rea PLI program is informed of a 
san BeR word via bit BRIS, The delay of ISOWA elocking the Word Ready 
flipflop 4s necessary to insure the validity of the BeR word register 
when BRi5 {9 asserted, but also produces an undesirable "runt" pulse on 
the B2@RWE flow eontro! line, This spurious pulse {is of approximately 
39 nanoseconds in duration and (s therefore completely filtered out by 


the feedthrough capacitors in the B2RWE line to the KGR card, 
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Bits BR@A through BRYO forpm the BlackesoftwareetorReduesoftware 
data path, while BRi@ and BR11 are reserved for hardware funetions, 
BR{@ is used by Black to preset Red*s bus, as shown in yoper right 
corner of the drawing, Dual 7438 buffers are ysed to derive the PWTST 
line on the Infibus, assertion of which initiates a Master Reset and 
software restart sequence in the Red PLI, BRI} is used on KGRe25 to 
gate on the transmitter clocks, and may also be read by the Red PLI 


software, 


The 6 milliegecond oneshot im the lower right hand corner is used 
to generate the TPREP pulse and strobe the RedetoeBlack Kord (see 
KGRw20) whenever SC@3 is written with a "i", The diserete network 
surpPounding the TPREP pelay has survived for historical reasons and 
continues to defy cireuit amalysis, The neighboring 64 ns omeshot is 
used to clear the Word Ready flipflopm when the BeR word is read and it 


contains a new word, 
KGRe2ua3 USRT Receiver 


The normal) sequence af events conmtralling this portion of the 
logic 4g as follows: During imitialization the program will have 
stored a RecelivesSync character in the USRT, A pandom serial data 
stream will arrive om the ISI + line from the multinlexer shown on 
KGRe25 and will appear at pin 22 of the USRT, When appropriate to get 
in message syne (analogous to Modem syme) a Receiver Reset is issued hy 
getting bit AA of the SC word, In the lewer left of the drawing, this 
asserts IRES and RSET and fires a oneshet that oroavides the pulse 


required by the USRT, This Places the USRT into "SY¥Nesearch" mode, and 
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the USRY scans the serial data for efghte bits that match the 


preespcified Receiveresyne character, 


When a SYN {8 Peeeived, pin 17 {8 ralsed (RDI4) priming the LSYN 
flipfion Just before assertion of the Input Data Available (IDA) signal 
from the USRT pin 26, Two of more adjacent SYNs are reauired for valid 
message sync, 80 {if the second byte received ig not SYN the four finouts 
of the NOISE gate (bottom center) are high and the JIRESP oneshot is 
pulsed again, reinitializing SY¥Nesearch, The 33pf capacitor stretches 


the NOISE signal enough to prevent a Punt pulse om the oneshot input, 


If the byte following the SYN i8 a second SYN the 28YN flipflian 
will be set by the following IDA pulse, and one input of the NSYNegate 
will be asserted, This state will remain for as long es additional 
SYNS are received, However, when the first noneSYN is received NSYN {fs 
asserted and the DATA flipflop is set, concluding the SYNesearch mode, 
The foureimput NOISE gate is disabled so that further SYNs in the deta 
stream will be ignored unti! the program initiates SYNesearch mode 


again, 


In the data mode, a8 long as the input rank of the FIFOs is empty, 
(CLIR Signals), the presentation of a new byte at the USRT outputs CIDA 
asserted) will trigger the 42anS oneshot, This produces Input Data 
Available Reset (IDAR) which strobes the data from the USRT to the FIFO 
(U2FST) and clears the RDA signals although the sluagishness of the 
USRT makes the RDA pulse last about 128 nS in what would otherwise be a 


punt situation, 
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In the event that the FIFO memory ts full, IFIR at the oneshoe 
imput will be megated, amd no IDAR will be generated by the IDA sigma] 
which mow will rpemaim asserted, This situation wil) remain until the 
FIFO ceases to be full, at which time the IDAR oneshot will fire and 
the RRFR + signed will again be asserted to the BPLI, Note that prior 
to data mode, sinee the FIFOs will have been cleared by IRESP, an IDAR 
wil! alaways follow IDA and keep the clock going even though mo bytes 


will be strobed into the FIFOs, 


When the FIFO input byte percolates to the FIFO outputs, the 
Transmitter FIFO OQOutouteReady (TFOR) gsianal is asserted, This is 
synehronized with the Infibus STRB siqnal and presents a Data Ready 
signal to the program as bit 15 of the Read Data word, The program 
will periodically read the data word and jiqnore it unless it is 
negative (bit 15 {8 set), When it does pead a negative data word, the 
combination of DASIS and RDAT produces TSO which clears both the Data 
Ready flipfiom (via the GOns onmeshot in the pight center of the 


drawing)jand the output rank of the FIFOs, 
KGRe2Ss USRT Transmitter 


Deawing 25 shows the serial output portion of the KGR, whieh 
interfaces the Red side of the KG Recaluees The MILw188 data driver 
(9616) is shown to the left of the USRT, The output, is about + ar ® 6 
volts, and is source terminated, The driver is gated off during LOOP 


test, 
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Bite 869 of ther Data Bus are buffered in the three FIFO memory 
chips, When the input rank of the FIFOs (8 empty, a three input gete 
asserts SCi1S signifving that the Transmitter Buffer is Empty, The 
program, sensing this Status/Control bit, can store a mew data byte 
into the FIFO, 
The write data signa) WDAT will shift the data bus bits into the 


FIFOs, dropping the Empty signal unei) the first rank {s empty again, 


Whem the 1Aebit byte reaches the output rank of the FIFOs, OFOR 
(Output FIFO Output Ready) will fire the 408 aS oneshat if the USRT%g 
Transmitter Buffer Empty (O8MT) signel is high, or wait for it to ge 


high, When both conditions are satisfied the FIFOstowUSRT Strobe 


(F2UST) transfers the FIFO byte into the USRT, As outlined in the 
Funetional Specs, if bits & of 9 are set, the remaining 8 bits are 
transferred to the SYNecharacter holding registers inside the USRT, I¢ 
neither 8&8 nore 9 is present (NOBB9) bits Be7 will enter the USRT data 


register, 
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Figure 1-1 KGR Block Diagram 
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MLR LOGIC DESCRIPTION 


The receive side of the modem is the MLR card, a block diagram 
of which is given in Figure 1. There are three drawings associated 
with MLR: MLR 20, 21, and 22. MLR 20 shows the input shift register, 
control character detection logic, and the input finite state machine. 
Drawing MLR21 shows the FIFOs and the DMA interface. Drawing 
MLR22 shows the data buffers, the bus driver/receivers, the input 
check register, the line interface drivers, receivers and asso- 
celiated logic, the crosspatch clock, and the status bit drivers. 

We begin with Drawing MLR20. 


MLR20 In the lower left-hand corner is the input shift 
register, which assembles a character, and inverters for the 
control character detecters. The upper left-hand corner of the 


drawing shows the control character detecters, which are 7430 


8-input nand gates, and are driven off the appropriate sets of 
uninverted and inverted bits. To the right of these is a 74163 
bit counter, a modulo 8 counter implemented from a 4-bit counter 
with a synchronous parallel load of 8, producing an output which 
is true for l-bit time out of each character time. The syn- 
chronous load is made to happen any time the count reaches 15, 
or any time the device is in SYN state, in which it is searching 
for character SYNC. 


To the right of the bit counter is the finite state counter, 
decoder, and associated logic. A state diagram of this machine 
is given in Figure 2, The states are named according to the 
character which is being received. For instance, while in SYN 
state a SYN character is expected; the machine is actually 
searching for character SYNC. In DLE state, a SYN character has 
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been received, and a DLE is expected. The state counter itself 
is a 4-bit synchronous counter with a synchronous clear and a 
synchronous load. The inputs are hard-wired to be a 3, which 
means that a load puts the machine into message state. A clear 
causes the machine to go back into SYN state and search for 
character SYNC. Other state transitions are accomplished by 
incrementing the state counter, by bringing true IDXRF (index 
receive finite state machine) at the appropriate bit time. This 
is done either when in SYN state and a SYN character has been 
detected, or at NXTST (next state) time. This latter happens 
every eighth bit time (RBIT8), unless 1) we are in message state 
and no DLE has been detected, so that we want to remain in 
message state, or 2) we are in DLE state and a SYN has been de- 
tected, in which case we wish to remain in DLE state. 


The state counter is loaded with a 3 to put us into messeag 
- gtate at the eighth bit time of ETX state, iff either a DLE or 2 
SYN was detected, the DLE being a doubled DLE, the SYN being a 
protocol idle sequence. The state counter will be reset if at 
RBIT8 time any one of 4 error conditions is found to hold: 

1) a receive reset command, at least 1 bit time earlier, 

2) neither a DLE nor a SYN detected while in DLE state, 3) no 
STX detected while in STX state, or 4) neither of the three 
acceptable characters, DLE, ETX, or SYN, detected while in ETX 
state. All remaining state transitions are accomplished by 
incrementing the state counter. 


The 7476 in the middle of the left-hand side of MLR20 is 
used to capture and synchronize the receive reset signal. Re- 
ceive reset sets the first flip-flop (RRESS, receive reset 
synchronized). The next leading edge of the input clock (CLHIN) 
causes RFSMR (receive finite state machine reset) to come true. 
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The next leading edge of CLKIN will clear RRESS. RFSMR will 
remain true until the first leading edge of CLKIN while in SYN 
state, the state to which RFSMR will force the finite state 
machine. 


The control FIFO carries two control bits from the finite 
State machine to the DMA interface. These are finite state 
machine error and end of message. End of message is derived in 
the middle of the lower half of MLR20. REOM is the OR of being 
in check character 3 state, or receiving an illegal character 
following a DLE in the text stream (signal DLCRP). The logic 
which makes up receive finite state machine error (RFSER), at 
the lower right-hand side of MLR20, is somewhat more complex. 
The error conditions include the FIFO not being ready to accept 
data when the finite state machine presented a byte, a bad check- 
sum detected, or any of the conditions which caused the finite 
state machine to be reset (RRFSM). The error condition "receive 
FIFO full" (RFFUL) becomes set if, at the leading edge of a 
command to the FIFO to shift (RSI), the FIFO level "receive 
input ready" (RIR) was not high, indicating the FIFO was not yet 
ready to accept that data. The other condition for setting 
RFSER is if at clock time, either RRFSM (receive reset finite 
state machine) was true, or CKBAD (bad checksum) is true. This 
latter is true if during either check character 1 state, check 
character 2 state, or check character 3 state, the check regis- 
ter's feedback line (CKN1) is non-zero. 


The remaining logic at the bottom of drawing MLR20, is the 
receive shift input logic (RSI). RSI is brought true indicating 
to the FIFO that there is a data byte to be taken, if, during the 
second half of an RBIT8 time (to allow for settling), either 


1) we are in message state and no DLE character has been detected 
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(MSNDL) , or 2) we have come to the end of message (REOM), in 
which case the data to be shifted is in control, or 3) we are 

in ETX state and a DLE is detected. This must be a doubled DLE, 
since the first DLE has been discarded, this DLE is presented as 
data to the FIFO. 


MLR2l On the left-hand side of MLR21, the FIFOs are shown. 
The FIFO handshake logic (receive shift input, receive shift 
output, receive input ready, receive output ready) is identical 
to that for MLX. The pseudo-interrupt request logic in the upper 
right-hand portion of MLR21 is just like that in MLX except that 
now the signal REONN is ORed into the logic to clear the active 
flip-flop, if the control FIFO is indicating end of message at 
receive now time (RNOW). 


The receive byte 2 flip-flop (RBYT2) is used to select which 
half-word of the data buffer will be loaded with the byte now 
‘being presented by the data FIFOs. This flip-flop is cleared by 
RACTV being false, so that the first data byte of each buffer 
will go into the right half-word, and is toggled each time a data 
byte is taken from the FIFO (each RSO, if not a control byte 
REOMF). The signals RLLBB (receive load left byte buffer) and 
RLRBB (receive load right byte buffer) cause the appropriate half- 
word to be loaded at the leading edge of RSO (receive shift out- 
out). As the left byte buffer is loaded, ROKSF is set, bringing 
down RSO, and inhibiting further RSOs. When the FIFO again has 
Gata to be presented, receive output ready ROR comes true. 

Since ROKSF is true at this time, the receive ready flop gets 

set and if RACTV is true, RREDY, the receive request line to 

the DMA, is brought true. On the leading edge of RNOW, in- 
dicating that the DMA is taking the data, the receive ready 

flop is cleared. On the trailing edge of RNOW, ROKSF is cleared, 
enabling RSO to the FIFOs. The setting of RREDF is delayed until 
the FIFO is again ready with data because if this is last data 
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word of the buffer, and an interrupt is generated, the program 
needs to be able to read the "end of message" and "error" lines 
from the FIFO, which will be guaranteed to be valid, since ROR 
is true. 


MLR22 On the right side of MLR22 are the receive data latch- 
es and the bus driver/receivers, which interface to the INFIBUS 
itself. The receive data lines from the bus driver/receivers are 
driven across to the ICM and over to MLX. This is the path 
whereby MLX gets its data from memory. The BDR drivers are 
enabled by RNOW. Both half words of the data buffer are loaded 
from the FIFO data RFDBO through RFDB7. The loading of the 
buffers is accomplished with the RLLBB and RLRBB signals. 


The lower central portion of MLR22 shows the receive check 
register. This is similar to the transmit check register, but 
does not include the switching, since all data, text, control, 


and check characters are passed through the check register in 


MLR 


the same fashion. The check register simulator results given 
in Appendix 1 apply equally well to this, as to the transmit 
check registers. 


The logic at the top central part of MLR22 is the cross- 
patch clock. CLKA, the 25 megacycle infibus clock, is received 
through a 7404, and driven into a 7474 toggle, to the output of 
which drives two 74163 synchronous 4-bit counters, providing a 
factor of 512 speed reduction, to produce a roughly 50-KB clock. 
If a faster clock is desired, MICLK (modem internal clock) can 
be shifted to one of the other bits in the counter chain. 


The lower left-hand portion of the MLR22 shows the logic 
which drives the status bits to the DMA, as described in the DMA 
functional spec and in the modem functional spec. 
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The logic at the upper left hand portion of MLR22 is the 
line interface drivers and receivers. At the extreme upper 
left-hand corner is the external crosspatch flip-flop (EXPCH), 
which, when true, drives the modem loop line (MLPLD) to the 303, 
causing the 303 to loop internally. The driving of this line is 
conditioned with WDTOK (watchdog timer OK) from MLX, to prevent 
driving this line if this particular interface is not in use. 
The data line to the 303 (MXDLD) is driven from the MLX output 
data line OUDAT, if the watchdog timer is OK, and the interface 
is not internally crosspatched (IXCPH-). These are the only two 
lines driven to the 303. IXPCH is a flip flop loaded by writing 
bit 14 to the receive status word. 


The receive data line from the 303 is ANDed with the inter- 
face not being internally crosspatched (IXPCH-), and ORed with 
the output data ANDed with the interface being internally cross- 
patched. This selected data is then applied to the input of a 
7474 to make BINDT the buffered input data signal, which, 1-bit 
time later, to allow for settling, is shifted into the input 
shift register and to the input check register. The two modem 
clocks, MRCLR, the receive clock, and MXCLR, the transmit clock, 
are Similarly received, ANDed with "not internally crosspatched" 
and then ORed with the internal modem clock (MICLK) ANDed with 
"internally crosspatched", to provide CLKIN and CLKO, the logic 
level signals derived from these clocks. All three of these 
input lines from the 303 are terminated in 100 ohm resistors. 
These resistors can be optionally removed to provide a high 
impedance input if interfaces are to be paralleled and the ter- 
mination resistors to be installed externally. 
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M LR TECHNICAL REF 


APP'D FOR ima f, A ‘CODE IDENT NO. 


DRAWING NO. 


MLR- @5 


APP'D aaa /, 


SHEET /} 


> MLR 


MLR - Low Speed Modem Receiver BBN 
see DMA, MLX 


Status - address FXXX6(receive), FXXXC(transmit ) 
oe le EB] I 
NTE 
yin | X{N 
UNUSED S Wi TIT UNUSED 
S}D S) 
E E BE] E r 
D g E Ry R = 
C N]}]N 
H D AT A D 
7 Cy C R X} XTC 
K] T Pak bo 
T Ss} L A} AT I 
I Ul V TI] TT] V 
M Mi ££ Ci CIE 
E HJ H 
D 
0 
U 
iE 
15 4113 8-2 15 {141134 12 hab oA 9 8-9 
TRANSMIT RECEIVE 
Switches - none, see MLX 
Jumpers - Crosspatch clock speed PC only 
PIN SPEED 
1 Les SMA 
2 6.25 MHz 
3 3.125 MHz 
4 15503. MHZ 
Connect OUT to one of 5 781 KHz 
these pins for desired 6 391 KHz 
speed. f 195 KHz 
8 98 KHz 
fe) 4H KHz 


Line Terminator Resisters 
Jumper when this MLR is at the end of the device cable. 
Located to left of R6, R7, R8 at lower left of board (PLC). 
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MLR - Low Speed Modem Receiver (CONTINUED) BBN 


socket 
3 Transmit Data 
4 Crosspatch 
5 Transmit Clock 
6 Receive Data 
7 Receive Clock 
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MLR-1@ ASSEMBLY DRAWING 


Ctrve) 
SEENOTE 1 


SEE NOTE 3 


BON NO 497 
-004.006 THK MYLAR SHEET 
€2.1 4 1,0 INCHES ) 


/ = CONNECTOR 


~ BOARD 


2" STRIP OF DOVELE 
SIDED ADHESIVE TAPE, USE 
3M * 410 TAPE, BBN NO 498 


SEE NOTE ¢ 


S€ENOTES 


COMPONENT VALUES 


C2-C4,C6-Ci8 ,C20-C25_ = .1 mfd CERAMIC DISC 
C1-C19 = 220 mfd-10 VOLT ELECTROLYTIC 
RILR3,R4, R991 Ka - 1/4 W-10% 

R2,R6,AT,REO“100.0. 

RS" 33K 

RIO=15K 

Die ZENER OIODE, IN5S242 

J3*26 PIN CONN, 3429-1002 

34216 PIN DIP SOCKET 


COMPONENT SIDE 


SEENOTES 


ou NN 


LF ecm oie | 
SLI G Yecn 0194 [8.5.5] 
i AC CO 
LETT [ecnoze? fez.10 | 


‘HD 


NOTES 


= — NOTCH SHOWN IN BUG INDICATES 
INSERTION DIRECTION. 


— U35,U43,U44,BUGS (34) ARE MOUNTED 
IN SOCKETS. 


— WIRE-WRAP JUMPER PINS (1G PLACES ). 


~ WITH TAPE ATTACHED TO MYLAR AS SHOWN, SLIDE MYLAR UNDER CONN 
UNTIL IT TOUCHES PINS (CONN), THEN PRESS TAPE EDGE AGAINST BOARD. 


MLR PC LAYOUT 
feo 


HSMIMP_MLR-18-PC I 


~~ 


APPLICATION 


USED ON 
(Rae, (cease 92229) sae 
Z SIDEE 


APPROVED 


Fs A (RF a HR FF Fe Sa a a La SR We 
noe 4 [sie] 7 {a fe fio] fiz |is [ia lis [ie [iz [ie fi9 [20/21 [e2/23 eles [26|27[20/29] 30/31 
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DRAFTSMAN E/E | H an: Cambridge Massachusetts 


DRAWING TITLE 


MLR MODIFICATION STND 


{/ 
DRAWING NO. 


anes 
SIZE | CODE IDENT NO. 
A MLR-15 
APP’D (CUSTOMER) 
Zz: 


SHEET 


@ MLR 


1) 


2) 


3) 


MLR-15-PC (STANDARD MOD) 


Refer to Fig. 1 (component side, view of MLR) to identify 


the P.c. area effected. 


Refer to Fig. 2 (Solder side, view of MLR) to identify 
the P.C. area effected (all soldering to be done on this 


side). 


The ground pins for the BDRs are pins 7 and 8. These are 
connected to the P.C. lands adjacent to the Board's 
System Logic Ground. The BDRs grounds should be connected 


by bridging the gap which separates the two lands (as 


shown in Fig. 2). 
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BOTTOM EDGE 


‘FIG 1 


(COMPONENT SIDE) 


MHAUM WCMD nHnZzH 


TYP 
LOCATION (U6G2) REF 


MLR-15-PC 
SHT 3 of 4 


@0000000 £20200 
j U37 


I 
N 
FE 
L 
B 
U 
A) 
E 
D 
G 
E 


TYP (4PLACES ) se 
BOTTOM EDGE. COPPER BRAID, SOLDER BOTH EDG 


FIG 2 
(SOLDER SIDE ) Mie iS +PC 
SHT 4+ of 4+ 
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TECHNICAL DESCRIPTION OF THE LOW-SPEED MODEM INTERFACE 


The low-speed modem interface is designed to communicate 
with the 303 modem at speeds of up to 250 Kb per second. A 
functional description is given elsewhere and should be read and 
‘understood before attempting to read this document. The low- 
Speed modem interface is made up of two cards: MLX, the transmit 
side, and MLR, the receive side. We will deal with the transmit 
side first. 


A block diagram of MLX is given in Figure 1 and shows which 
pieces are covered by each of the drawings in the MLX series. On 
the left of this drawing is the ICM connector which connects to 
the DMA and to the MLR. All communications with MLX go through 
this connector. The only connections to the INFIBUS are the PCD 
pins which are simply used to jumper the precedence pulse through, 
and the negative 15-volt supply pin, in addition, of course, to 
the ground and +5 volt supplies. The data from the INFIBUS to be 
transmitted is received in BDRs on the MLR card and passed across 
the ICM to the MLX. 


MLX 24 


The data is received on the MLX in three 6-bit latches, 
type 74174, as shown on MLX24. Also latches in one of these 
7T4174s is the end of block signal XEOBC, which is the transmit 
end of block (XEOB) from the DMA, and XLAST. XLAST is the output 
of a flip-flop which stores the last packet indicator (the least 
Significant bit of the transmit start pointer). 
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The 16 data bits from these latches are then fed to two 
74157 multiplexers, which select the left or right half-word to 
be fed to the 3341 FIFO buffers. The latched end of buffer 
indicator, XEOBB, is ANDed with XBYT2, a signal which is true when 
the second byte is being loaded, to make XEOB2, a last byte of 
packet indicator, which is presented to the control FIFO. 


The FIFOs are controlled by two sets of two control lines, 
‘one set for FIFO input and one set for FIFO output. Each set 
consists of a READY line from the FIFO, indicating that the FIFO 
is ready for the next transfer, and a SHIFT line driven to the 
FIFO, which commands the FIFO to shift in or out the next nibble. 
The three FIFOs (two data FIFOs and one control FIFO) are driven 
in parallel, to make, in effect, one 12-bit wide, 64-bit long 
FIFO. To accomplish this, the ready lines are ANDed together 
to make an overall ready line: XIR for transmit inpvut ready, XOR 
for transmit output ready. The three shift lines are driven in 
parallel from the same signal: XSI for transmit shift input, 
and XSO for transmit shift output. 


The two flip-flops and two AND gates at the top of MLX 24 
form the DMA data control machine. Transmit reset XRES causes 
the flop XREDF (transmit ready flop) to be set, indicating, as 
soon as transmit active comes true, that the transmit side is 
ready for data from the bus. When the data appears, as signified 
by the truth of XNOW, XREDF is cleared, and the data is loaded 
into the 74174 latches. Assuming the FIFOs are prepared to accept 
the data, the truth of XIR, combined with the falsity of transmit 
ready flop, causes XSI to come true, shifting the first data 
byte into the FIFOs. As the FIFOs take this byte, XIR will be- 
come false. The trailing edge of XIR will cause XBYT2 to toggle, 
causing the 74157 multiplexers to switch to selecting the most 
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significant half-word. The trailing edge of XIR also causes the 
status of XBYT2 to be strobed in to the transmit ready flop. 
However, since XBYT2 was false, having been cleared by transmit 


reset, the transmit ready flop remains clear. 


As soon as this first data byte has vacated the first level 
of the FIFO, so that the FIFO is once again ready to accept data, 
XIR again comes true. Since transmit ready flop is still false, 
XSI also becomes true, shifting in to the FIFO the most significant 
half-word of the first word. As soon as the FIFO has accepted 
this byte, XIR again goes false. This strobes XBYT2 into XREDF, 
setting XREDF, indicating that the buffers are ready for the 
next data word. It also simultaneously clears XBYT2. When the 
next word arrives, as indicated by XNOW, XREDF is cleared, and 
the cycle repeats. This data control cycle will continue in- 
Gefinitely, being stopped only by transmit active going false. 


The pseudo interruption control logic shown on the right 
Side of MLX24 is prototypical of that in any DMA controlled 
Gevice. Transmit active (XACTV) is set on the leading edge of 
the transmit start pulse, ‘and is cleared by either a transmit 
reset, a transmit quit signal from the DMA, a transmit restart. 
signal (being the writing of the transmit begin pointer), ora 
normal completion, being a transmit end of block signal from the 
DMA at XNOW time. 


When transmit active goes false, it causes transmit normal 
interrupt XNINT to go true, requesting a transmit pseudo interrupt. 
This flop is cleared by either master reset, transmit interrupt. 
done, or transmit quit. It is explicitly not cleared by transmit 
reset, so that a program generated reset, if written while trans- 
mit is active, will cause a pseudo interrupt. -This is to assure 
that one pseudo interrupt is returned for each buffer that the 


program gives the interface. 
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The quit interrupt flip-flop XQINT, at the lower right-hand 
corner of MLX24, is to provide a pseudo interrupt if a quit was 
encountered during a data cycle. If XACTV was true when XQUIT 
happened, the quit must have come on a data cycle, and the trans- 
mit quit interrupt flip-flop is set. The flop is cleared by 
either the transmit interrupt done or a transmit reset. Note 
that the quit in any case clears transmit active so that if a 
pseudo interrupt request is quit upon, X active will no longer 
be true, so that XQINT will not be set again. 


The one remaining flip-flop on MLX24 is the transmit error 
flip-flop in the upper left corner. This logic defines reading 
the pointer while transmit is active, or between a reset command 
and the following transmit start command as an error or exception 


condition. 


MLX23 Drawing MLX23 contains the transmit shift register, 


the control character insertion logic, and the DLE detection 


LOBIC% 


The transmit shift register is made up of the two 4-bit 
shift registers, type 7495, at F2 and G2 shown on the right-hand 
side of MLX23. Data is loaded into these shift registers in 
parallel each eighth bit time as indicated by the signal XBIT8 
being true, and on successive bit times is shifted out the shift 
out data line SODAT. The data loaded into the shift register may 
either be the text data from the FIFO on lines XFDBO through 
XFDB7, for transmit FIFO data bit 0 through 7, or any one of the 
four control characters SYN DLE, STX, or ETX. The signal CXFSM 
for Clear Transmit Finite State Machine, indicates that the byte 
to go out on the line next, is a text byte, and therefore causes 
the FIFO data to be loaded into the shift register. 
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DLETX state means that the next character to be sent is an 
ETX and therefore causes the 200 bit, the 2 bit, and the l bit 
to be set, and the other bits cleared, at load time. SYNXM- is 
a signal which means that a SYN character is to be transmitted 
next. This signal is true when the FSM is in check character 3 
state (CC3XM), in which case the first SYN character is trans- 
mitted next, or from being in SYNIX state, in which case the 
second SYN character is to be transmitted next, or being in 
DLSYN state, in which case the protocol idle SYN character is to 
be transmitted next, or being in SYN2X state, and having no data 
available, as indicated by XORS (transmit output ready synchro- 
nized) being false. This signal explicitly causes the 4-bit and 
the 2-bits to be loaded as one and by not explicitly disabling 
the loading of the 20-bit also causes this bit to be loaded as 
one producing a SYN character code 26. 


DLSTX state indicates that an STX (character code 2) is 
to be sent next, and therefore causes the 2 bit to be loaded as 
one, and the other bits as zero. The loading of the 20 bit is a 
special case, due to the fact that most of the funny control . 
states cause either a DLE or a SYN to be transmitted, and both of 
these characters require the 20-bit to be set. The logic on the 
20-bit therefore causes the 20-bit to be set unless CXFSM is 
true, indicating that a text byte is. to be transmitted, or DLETX 
is true, in which case ETX is to be transmitted next, or DLSTX 
is true, indicating that an STX is to be transmitted next, or 
NONO3 is true. This last is an error condition, indicating that 
the finite state machine got into one of the three illegal states. 
In this case, after clearing the transmit check register to as- 
sure that an invalid checksum will be sent, a zero data byte is 
transmitted, followed by a standard end of packet sequence, fol- 
lowed by the now invalid checksum. The NONO3 term on this gate 
is to permit transmission of the zero data byte. 
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The four gates in the lower left of drawing MLX 23 are the 
data DLE detector, simply watching the text bytes for data bit 4 
to be 1 while all the others are at zero. This condition causes 
DLEXD to come true. 


MLX22 Drawing MLX22 shows transmit finite state machine and 
control logic. A state diagram of this machine is given in 
Figure e. 


The 74163 at the upper left corner of MLX22, is a modulo 8 
counter, implemented as a 4-bit counter synchronously parallel 
loaded with an 8 whenever the count gets to 15. This makes the 
signal XBIT8 come true for 1—bit time out of every 8. XBIT8 
ANDed with CLKO gives XSCLK-, a clock pulse one-half bit time 
wide every character time, which is used as the clock on the 
state counter 74163 in D5. At clock time, this counter can be 


- either loaded, cleared, counted, or not counted. 


The not count condition is used in SYN2X state if no data 


is ready from the FIFO, to remain in SYN2X state, transmitting 


SYN characters. The state counter is synchronously cleared to 
enter or remain in message state, transmitting text characters. 
The conditions for this are that data be available from the FIFO, 
as indicated by XORS (transmit output ready synchronized), that 
there be no error or end of block condition, indicated by ERB-, 
and that we be in one of the states after which it is permissible 
to transmit a text character. These states are STXDL, the normal 
entrance to message state at the beginning of the message, DLDLE, 
indicating that the second DLE is being sent after discovering a 
DLE in the text string, SYNDL, indicating that the SYN character 
of a protocol idle sequence has been sent, or message state, but 


only if a text DLE character has not just been discovered. The 
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OR of these state conditions, CORLX (clear or load transmit 
Finite State Machine) causes the transmit finite state machine to 
be either cleared or loaded. If there has been no error or end 
of block indicator, and there is data available, as indicated by 
XORS, then the state counter is cleared and the text character is 
transmitted. Otherwise the state counter is loaded with either 

a 2ora4. The 4 is loaded on error or end.of block, causing 
the machine to step into DLETX state, preparatory for the end of 
packet sequence. A 2 is loaded if error or end of block is not 
true, but no data is available, causing the machine to step into 
DLSYN state, for the protocol idle sequence. The only condition 
under which the finite state machine is neither cleared nor 
loaded while in message state, is the case where a DLE has been 
discovered in the text string. In this case the machine counts 
to state 1, DLDLE state, to insert the doubling DLE. The 74154 
in E3 is a 4-bit decoder, and decodes the state of the machine. 


The 7474 in F5, drawn in the lower left hand area of MLX22, 
is used to capture and synchronize the state of the XOR, indicat- 
ing whether or not the FIFO's have text available for trans- 

mission. These flip-flops are clocked by the transmit clock 
| signal CLKO. The first flop samples the XOR line on the leading 
edge of CLKO. The second samples that l-bit time later, having 
allowed it time to settle. If this flip-flop is true at XBIT8 
time, and the finite state machine is prepared to send a text 
byte, as indicated by CSFSM, XSO (transmit shift output) is 
brought true to the FIFOs for l-bit time, during which time the 
byte is loaded into the transmit shift register. At the same 
time, the end of block bit from the control FIFO is strobed into 
the 7474 in F6, giving XEOBB (transmit end of block buffered). 
This flop remains true until entering check character 1 state. 
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XEOBB is then ORed with synchronized error signal to form ERB, 
the error or end of block signal used in controlling the finite 
state machine. The synchronized error signal, XERS, comes from 
a 7476, which is set by the trailing edge of a CLKO of XRESB 
(transmit reset buffered) is set. It will remain set until the 
transmit finite state machine enters SYN2 state, the idle state. 


There is a potential race here, in that XRESB may come true 
‘Just as entering or leaving SYN2 state. This is irrelevant 
however, since ERB is not used for many bit times thereafter, 
and will therefore be stable by the time it is used. It does 
not matter whether it stabilizes true or false, since the transmit 
reset is quite entitled to discard a packet, which is all that 
will occur if XERS is set. XRESB comes from the other half of the 
7476, which is simply used to latch the fact that a transmit re- 
set has occurred. This latch also is cleared by being in SYN2 
state. 


The flip-flop at the extreme lower left-hand corner of 
MLX22 is used to latch the DLE detection signal at the time a 
data byte is loaded into the transmit shift register, to cause 
the transmit finite state machine to step into the DLE doubling 
state DLDLE at the next byte time. 


The reset logic at the lower right-hand corner of MLX22 is 
used to clear the FIFO, the transmit check register and the trans- 
mit finite state machine. The FIFO requires a 400 nanosecond 
pulse to be cleared reliably; the one shot (74123) is used to gen- 
erate this pulse. This one shot is fired by MXRES (my transmit 
reset) which is generated either on a transmit reset, or being 
in NONO3, the third illegal state. The output check register is 
cleared on either of these conditions, or on being in SYNe state, 


l.e., just before the beginning of the packet. 
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MLX21 is a most uninteresting drawing which shows the switch- 
es required by the DMA. These switches are used to select PI 
address, device address, device characteristics, and transmit and 
receive PI levels. To the extent that the print is not self- 
explanatory, the modem functional spec and DMA functional spec 
should answer any questions. 


a’ 


MLX20 shows the transmit check register and status bits, and 
the watchdog timer. The check register computes a 24-bit CRC 
checksum compatible with that used in the 316/516 series modem 
interfaces. The three 74164s form a 24-bit straight shift regis- 
ter. The two 74180 parity chips compute the exclusive OR of 
selected bits in these shift registers and the bit being trans- 
mitted. This exclusive OR bit is then fed back in to be the input 
to the shift registers. 


The output of a simulator of this check register is given in 
Appendix A. It shows the state of each of the 24 bits of the 
check register at each bit time during the transmission of a 
number of different 2-word messages. This might prove handy in 
debugging hard check register failures, but hopefully a problem 
could be localized to the check register by merely noting that 
the transmitted checksum was bad despite the transmitted data 
being correct, in which case trail replacement of the few bugs 
involved in the check register would probably be the easiest way 
to diagnose the failure. 


When the checksum is not actually being transmitted, as 
indicated by the level SNDCK- being true, a data bit presented 
at the input to the exclusive OR gate is in fact the inverse to 
the data bit being shifted out, due to the fact that the 7400 
which produces XDNSC (transmit data not send check) inverts the 
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data presented to it. To overcome this problem, SNDCK- itself 
is presented at another input to the exclusive OR network. This 
has the effect of inverting the sense of the exclusive OR when 
this signal is true, that is when data is being shifted out, but 
not inverting it when the checksum itself is being transmitted. 


The remaining logic at the top of MLX20 is used to select 
either the shift-out data or the checksum itself, to be presented 
to the MLR through the ICM as OUDAT, the output data. The flip- 
flop at the upper left of MLX20, XZRCK, is used to record the 
MLX as being in a "send 0 checksum" state, in which case the 
check register is always held to zero, and by sending appropriate 
data, the receive check register can be tested. 


- Appendix B lists various two-word patterns which will pro- 
duce a single bit in error in the receive checksum, when the 
transmitted checksum is zero, as well as a pattern which will 


produce a correct checksum when the transmitted checksum is zero. 


The logic on the left-hand side of MLX20 is used to present 
the various status bits to the DMA, as described in the modem 
functional spec and the DMA functional spec. The 74123 at the 
extreme right-hand side of MLX20 is the watchdog timer. With 
its 30K resistor and its 100 microfared capacitor, it renders 
the signal WDTOK true if the transmit status word has been written 
any time within the last second. This retriggerable one-shot is 
fired by XSTB, the transmit write status line from the DMA. This 
concludes the discussion of MLX. 
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PAR LOGIC DESCRIPTION 


The I/O Parity (PAR) card generates address-XOR-data parity 
for references to the I/O bus; operation is straightforward as 
described below. The following discussion assumes jumpering for 
recognition of I/O addresses only. 


Parity Generation (PAR21 


The parity network is constantly calculating proper parity 
based on the current state of address lines 0 through 19, data 
lines O through 15 and the BYTE control line on the bus. When 
the address is FCO0OO or higher, this network drives the PBHI and 
PBLO bus lines. The nine-wide 74S280 parity tree is used in such 
a way that the slower 74180 can be substituted directly with the 
appropriate jumper configuration in the control circuitry. This 
is done by using the 74180 cascade input as the ninth data input. 
Since the value of address bit O for the high order byte is zero, 
the sense of the:high order parity is inverted. Data parity also 
includes address bit 1. Low order data parity is XORed with the 
inverted value of bit O in byte mode to reflect the fact that 
byte data appears in the low order (bits 0-7) byte position and 
high order (bits 8-15) position -- data and parity are ignored. 
Where word data would have address bit 0 equal to one, data for 
only the low order byte will have this value in byte mode, so the 
inverted ADROO is gated with BKYTER (BYTE from the INFIBUS) to 
preserve consistency. 


The two address components (bits 2 through 19) are XORed 
together and the result XORed with the high order data parity and 
the low order data parity modified as described above. The two 
resulting outputs, PBHID- and PBLOD-, input directly to the bus 
drivers for PBHI and PBLO. The parity networks are configured to 
produce even parity for the parity line, the data byte, address 
bits 1 through 19 and the explicit (in byte mode) or implied (in 
word mode) value of address bit 0. 


Control (PAR20) 


There are two different implementations of parity: 1) the 
data source always generates parity (write source 
generate-classical), 2) the data source always checks parity 
(write source check-feedback). 
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In the first ease it is sufficient to always calculate 
parity and drive the I/O bus parity lines as appropriate to the 


observed data. In this case, no control function is needed, 
since the source bus coupler can use or not use the available 
parity signals as required. Parity is available at the bus 


coupler sometime after data, due to calculation propagation 
delays. 


The second case, parity for read data, available at the bus 
coupler after calculation propagation delay, presents no 
particular problem. However, write data parity must. be 
calculated before it can be passed to the source bus coupler for 
checking; this requires suspension of write to the I/O bus, using 
the HOLD line, to allow for the calculation delay. On reads from 
the I/O bus and reads or writes originating on the I/O bus, the 
control delay should be minimized to shorten cycle time as much 
as possible. The control circuitry used to achieve this is 
described below. 


There are three possible causes for STRB to be asserted on 
the I/0 bus: 1) read or write initiated to a different bus by a 
device on the I/O bus, 2) read from the I/O bus, 3) write to the 
I/O bus. In all cases, the assertion of MRES or the negation of 
STRB (STRB+) direct set HOLDD, a cross coupled Schottky flop for 
maximum speed. 


For a reference initiated on the I/O bus to an address off 
the bus, address lines 14 through 19 on the bus will not all be 
true, so ADRIT is false, STRAD direct clears HOLDD. This negates 
HOLD on the bus, allowing the reference to proceed. 


Prior to a read from the I/O bus, address lines 14 through 
19 will be true on the bus, but the RITE line on the bus will be 
false. This will cause ADRIT to be false and, when STRB is 
asserted on the bus the state of STRBE, ADRIT, and HOLDD allows 
STRAD to direct clear HOLDD. This negates HOLD on the bus, 
allowing the I/O device to be referenced. After the data is 
presented, as Signaled by DONE, good parity will be available on 
the bus when the parity network propagation time has elapsed. 


| Shortly before STRB is asserted on the bus from a write _ to 
the bus, the RITE line and address lines 14 through 19 on the bus 
will be asserted. ADRIT is then true when STRBR comes true. The 
assertion of STRAD is blocked by ADRIT and HOLDD remains set, 
causing the HOLD line on the bus to be asserted. When STRBD 
comes true agate delay later, WRADS is asserted, firing DELAY 
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(45ns). The delays in this path allow for propagation through 
the parity networks. For the Schottky 74S280, two gate delays 
(SHDLY, CLHLZ) are sufficient, but for the 74180 the longer delay 
introduced by an additional 74123 (CLHLX-) is required. In the 
first case, CLHLZ is tied to CLHLD to direct clear HOLDD, 
Shutting off HOLD on the bus. In the second case, the trailing 
edge of DELAY fires CLHLX which, tied to CLHLD, clears HOLDD. 
Since bus HOLD is now false, the addressed device accepts’ the 
data and returns DONE. 


A separate 6-bit address recognizer enables the parity bits 
on the bus only in the presence of an I/O bus~7 address. TALS 
allows combined memory on I/O buses. 


Control jumpering and timing are summarized below. 
Switches (PAR20 


Four switches drive any of the high order address lines 
directly for test purposes and for single bus machines. 


Jumpers (PAR20 


For write source checking, the HOLD function is enabled by 
connecting jumper pins 1 and 16. | 


When using the non Schottky 74180 parity tree, the proper 
delay path is enabled by connecting jumper pins 2 and 3 and 14 
and 15. Using the Schottky 74S280, the proper path is enabled by 
connecting pins 3 and 4 and 13 and 14. 


Jumpering to recognize all addresses allows use of this card 
for test purposes. Normal jumpering for I/O addresses drives the 
parity BDR strobe on recognition of an I/O address (GH-5 to 
G4H-12) and fires the write delay chain when an I/0 write is 
recognized (G4-6 to GH-11). Test jumpering sends parity to the 
bus continuously and fires the write delay chain on all writes 
(GH-6 to GH-10). 


The jumpering option to generate always, except on memory 
reads, sends parity to the bus on all accesses, except memory 
reads (G4-5 to GH-7), and fires the write delay chain on all 
writes (G4-6 to G4-10). | 
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Table 1 —- Parity Card Propagation Delays 


Standard schottky 
1. WRITE (write source 
check only) 
control path delay typical 196.0 ns 141 ns 
parity path delay maximum 166.5 ns 112 ns 
safety margin typical 
minimum 29.5 ns 29 ns 
This margin may be increased 
by increasing delay. 
os READ 
parity path delay maximum 156.5 ns 102 ns 
DONE driver-receiver pair 
delay minimum 25.0 ns 25 ns 
required bus coupler delay 
minimum 13445 ns 77 ns 
3% Reference from the I/O bus 
(write source check only) 
Control path delay maximum 85 ns 85 ns 


Times are based on inputs to drivers and outputs from receivers 
and assume one gate access time for the I/O slave. 
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Card Type PAR Modification Standard 


Card Function: I/O Parity 


Modification Description: 


Configure card with Schottky parity trees, I/O address 
recognition, address switches off. 


Implementation: 

1 Turn off all switches at the left of the board. 

2 Confirm that 74S280 isplugged in at locations B2, 
B35. Be. 2 
Jumper with 30 ga wrapped wire as follows: 
G4-3 to G4-4 
G4-13 to G4-14 

3 Jumper with 30 ga wrapped wire as follows: 
G4-5 to G4-12 
G4-6 to G4-11 

All jumpers should be installed on the pins at each pees 

having no other wire connected 
Module designations are detailed below 


Module Row Column (from top right) 
B2 2 2 
B3 es 5 
E2 5 2 
Fe 6 2 
G4 vg 4 
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PREFACE 


This Maintenance Bulletin contains a detailed description of the SUE 2220 


Program Maintenance Control Panel. Information in this bulletin is written 


primarily for system user and maintenance personnel with backgrounds in 


digital systems. Read Reference Bulletin R2220 for a general description of 


this module and SUE General System Bulletins for background information, 


Aug 73 


vi 


SUE 2220 MB2002001153-1 


SUE 2220 PROGRAM/MAINTENANCE CONTROL PANEL 


MAINTENANCE BULLETIN M2220 


INTRODUCTION | 

SUE 2220 Program/Maintenance Control Panel provides a means of manual 
access to all processor internal registers for program debugging, maintenance 
and troubleshooting SUE hardware. SUE 2220 can be used with or without one 

of the optional SUE Power Control Panels, 2201 or 2202. This bulletin contains 
a detailed explanation of Program/Maintenance Control Panel theory and use 
based on four illustration types located at the end of this document. Figure 1 

is a block diagram keyed to three logic diagram sets: Switch Panel Board (SWB), 
Panel Bus Interface (PBI), and Control Panel Board (PCB). Figure 2 is a flow 
chart, figure 3 the panel states diagram, and figure 4 the switch-debounce 


timing diagram. 


PROGRAM/ MAINTENANCE PANEL BLOCK DIAGRAM 

Figure 1, the block diagram, shows the INFIBUS interface on the left, the 
Switch Panel right. At top left in each block are noted applicable pages of the 
PBI/PCB logic diagrams. Connecting paths between and among blocks carry 


respective four-letter signal mnemonics. 


Mnemonics starting with F signify flip-flop signals, O one-shot signals, and S 
touch-switch signals; mnemonics ending in L are signals relating to light emitting 


diode (LED) drivers — the enable signal (ENBL) is the one exception. 


FLOW CHART 
Figure 2, the flow chart (two sheets), is a detailed plan of all important functions 
performed by the logic. (Slave mode operation is not included, except for 


flagged statement number 6.) Because many blocks in the block diagram 
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encompass large amounts of logic, the flow chart is adapted more for use with 


the logic diagrams. The block diagram serves as the logic diagram index. 


LOGIC DIAGRAMS 
PBI and PCB cards contain all active logic; SWB logic comprises LEDs and 
switch closures. Signal paths on the PBI and PCB logics carry many mnemonic 


definitions, and timing sketches are shown where pertinent. 


PANEL STATES WITH SYNCIIRONOUS MICROOPERATIONS DIAGRAM 

Panel control states and all microoperations performed in synchronism ae 
shown in figure 3. State transitions on the trailing edge (TE) of clock phase 0 
(CFOA) and delays between individual states are shown. State-transition gatings 


are symbolic; for actual transition logic see sheet 3 of the logic diagram. 


DATA BUS DRIVERS/RECEIVERS 

Data Bus Driver/Receiver signals DB15-DB00 are connected between the 
INFIBUS and the PCB logic shown on sheet 5. DBI5-DBO00 signals are strobed 
out by DOUT (gate data to INFIBUS); Inputs are driven by DI5N-DOON signals 
from the Data Input selection logic. DI5A-DOO0A signals are connected to the 
parallel inputs of the Data and Address Kegisters (sheets 6 and 7). 


DATA INPUT SELECTION 
Data input selection logic (PCB sheet 5) is used to gate the following items to 
the data bus driver inputs one at a time: 

a. Address register outputs Al5S-A00S 

b.. Data register outputs DI5S-1008S 

ec. Run command 0002 


16 
Halt command 0001 


Q 


e. Step command 0003, 


f. Control panel address 


- 0000... 
8 16 
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ADDRESS SELECTION 


Address register outputs are gated to the data bus driver inputs for the condi- 


tion DRDB. RNDB.VADB.HTDB, because for this condition the output of HRVB 


(Force Zero Output From Data Multiplexers) is low. DxxM = AxxS because of 


DRDB. 


DATA SELECTION 

Data Register outputs are gated to the data bus driver inputs for the condition 
DRDB.RNDB. VADB.HTDB, because for this condition the output of HRVB is 
low. When DRDB is active DxxM = DxxS. 


RUN COMMAND SELECTION 
0002), is forced to the data bus driver inputs for the condition RNDB.VADB. 
When RNDB is active, the output of DOIN is true and DxxM = 0. 


HALT COMMAND SELECTION 


0001 16 is forced to the data bus driver inputs for the condition HTDB, VADB. 


Whenever HTDB is active, the output of DOON is true and DxxM = 0. 


STEP COMMAND SELECTION 


0003 is forced to the data bus driver inputs for the condition RNDB.HTDB.VADB. 


Due to RNDB.HTDB, DOIN = DOON = 1 and DxxM = 0. 


Pet 
CONTROL PANEL ADDRESS 
FF8Y 1g is forced to the inputs of the data bus drivers for the condition VADB; 
Y enn be 0 ie 461 816! or Cig -- depending on the jumpering tabulated on sheet 
5 of the PCB logic (PBOl and PB00). Note that an active VADB causes DxxM = 0. 


ZERO ADDRESS 
All the inputs of the data bus drivers are forced to zero for the condition FMRA. 


RNDB. HDTB.VADB. 
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ADDRESS BUS DRIVERS/RECEIVERS 

Address bus driver/receiver signals AB15-AB00 are connected between the 
INFIBUS and the PCB logic shown on page 8. ABI5-ABO0 signals are strobed by 
the AOUT signal. Driver inputs are driven by AlSM-A00M, A04-AOI1N, and 
A00M that signals all come from the Address Input Selection logic. Receiver 
outputs AlI5SA-AOOA drive the logic in the Slave Recognition and Address Compar- 


ison blocks. 


ADDRESS INPUT SELEC TION 
Address input selection logic (PCB sheet 8) is used to gate the following items to 
the inputs of the address bus drivers, one at a time: | 
a. Address register outputs Al5S-A00S 
b. Selected processor register address 


c. Selected processor control register address. 


ADDRESS SELECTION | 
Address register outputs Al15S-A00S are gated to the inputs of the address bus 
drivers for the condition ARAB.CRAB. Note that multiplexers AI5M through 


A00M are always enabled because the Sl inputs are terminated at 0 volts. 


PROCESSOR REGISTER ADDRESS SELECTION 
The fully encoded processor register address is driven from the multiplexer 


outputs A15N through AO5N, A04N through AOIN, and AOON to the inputs of the - 


address bus drivers for the condition ARAB, CRAB. For this condition A15N 
through AO8N are all ONES (low), because the Bs through Bo inputs of U46 and 
US6 are all grounded at 0 volts. Bits AO7N and AOON are zero-valued (high) 
because the appropriate Bg input of U66 and Bo input of U76 are pulled up to a 
high level. Therefore, the processor register address is 

/1,1,1,1, /1,1,1,1, /0, CPU], CPU0, RA04, /RA03, RA02, RAOI, 0/, 
The processor number is determined by the CPU1 and CPU0 bits per Table 1 


that normally are controlled by the SUE 2202 Power Distribution Unit inputs to 
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the SWB card. However, jumpers can be used on the SWB card to control the 


CPUIL and CPU0 signals. 


Table 1. Processor Number Selection 


. Or set selector 
Either Jumper f SUE 2209 Pp 
on SWB... re) rocessor 


CPUI-N | CPUO0-N to position Number 


E3 to E4] E5 to E6 | (if available) 


Missing | Missing 1 (CPU) Standard 
Production 


Missing | Installed 


Installed | Missing 
Installed | Installed 


RA04 through RAO! are the outputs of the Register Selection Storage logic 
(U62 on Sheet 2 of the PCB logic diagram). 


PROCESSOR CONTROL REGISTER SELECTION 

The fully encoded processor control register address is driven from the 
multiplexer outputs A15N through AO5N, AO4N through AO1N, AOON to the inputs 
of the address bus drivers/receivers for the condition ARAB.CRAB, The full 
address is 


1,1,1,1,/1,1,1, /0,CPUL,CPUO,1/1,1,1,0/. 


SWITCH PANEL 

The switch panel block represents the SWB logic diagram. The SWB card con- 
tains all the touch switches. Each touch switch has an associated LED indicator. 
The SWB card is connected to the free-edgc connectors of the PCB and PBI 
cards by three flat cables. These cables convey the switch closures from 

the SWB card to the PCB and PBI cards and connect the LED drivers to their 
respective LEDs on the SWB. Three control signals also are fed back to SWB: 


ENBL, ENDA, ENAD; +5 power also is supplied through these cables. 
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PANEL ENABLE 
The SWB card must be enabled either by a jumper from El to E2 or by the power 


distribution unit. Signal ENBL is true when the control panel is enabled. 


PROCESSOR SELECTION 
The processor usually is selected by a selection switch located on the power 
distribution unit; in its absence, processor 1 (CPU) is selected automatically 


unless jumpers are field-installed on the SWB card per Table 1. 


‘TOUCH SWITCH CLOSURES 

Refer to the SWB logic diagram. Switch-closure signals are identified by four 
letter mnemonics the same as any logic signal. For example, RSI5 (sheet 2 of 
the SWB logic) is the signal generated by closing register selection switch 15. 
All touch-switch closures, except the register selection switch closures, produce 
a 0 volt signal only when enabled. The register selection switch closures 
unconditionally produce a +5 volt signal. | 

Note that the address and data switch closures are shorted to a single connector 
pin per bit position (SWB logic sheets 3 and 4). By enabling either the address 
switches with ENAD or the data switches by ENDA, one or the other switch 

can be sensed properly. Except for these two switch rows and the register 


selection switches, all other touch switches are enabled by ENBL. 


INTERRUPT INHIBIT SWITCHES 

The power fail/recovery interrupt lines (PFIN-N, PRAL-N, PRIN-N) and the 
line frequency interrupt line (LFIN-N) on the INFIBUS, can he controlled by 
switches S70, S71, and S72 (sheet 6, SWB logic diagram). The switches can be 
replaced by jumpers. Setting a switch or placing a jumper causes the respective 
interrupt line to be high or low as indicated in Table 2. From the J3 cable . 
connection, the switch or jumper closures are passed through the PBI circuit 
card (sheet 10, PBI logic diagram) to the INFIBUS where they are monitored 

by the Bus Control Unit (BCU). On systems containing multiple panels, the 
switches or jumpers must be configured identically on all of the panels, or 


removed from all but one of the panels. 


6 Aug 73 


SUE 2220 MB2002001153-1 


Table 2. Switch or Jumper-Controlled INFIBUS Lines 


INFIBUS LINES 
LFIN PRAL PRIN PFIN 


Switch or 
Jumper 
Position 


Interrupt 


PWR FAIL 
PWR FAIL 
PWR RCVRY 
PWR RCVRY 
PWR RCVRY 
LINE FREQ 

LINE FREQ 


ON 
OFF . 
IN (Interrupt) 


AL (Auto Load) 
OFF 
ON 


OPTIONAL SWITCH/JUMPER CONTROLS 


Four optional switches or jumpers, intended for SUE servicing aids, are shown 
on sheet 6 of the SWB logic diagram. The switches can be installed in the field, 
or a jumper can be substituted for these closures. If switches are used, they 
are type T8001 (Singer Controls). Use of these closures is shown in the 
Figure 2 flowchart and figure 3. 
The BYTE closure allows reading or writing at byte addresses; address incre- 
ments in this case are by one instead of two, 
The WRITE INCR closure enables automatic address incrementing with the 
write touch switch. 
The remaining two closures, CONT ROW and INCR CONT R®@W, allow continuous 
reading or writing from the panel, either at the specified address or the incremented 
address by a single push of the read or write switch. During this mode, the panel 
does not handle any other functions. The CONT R@W closure must first be placed 
to the OFF position to get the panel out of this operational mode. Both figure 2 
and 3 show how these closures influence the logic. For example, note that to 
write the same information at every memory address, all the following closures 
must have been ON prior to touching the write (at address) switch: 

INCR CONT ROW 

CONT, ROW 


WRITE INCR 
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SWITCH BOUNCE LOCKOUT TIMING AND SHIFT CONTROL 
Logic on PCB sheets 3 and 4 has the following diverse functions: 


a. Generation of a single debounced sampling pulse (OACS) for a single 
switch closure 


b. Identification of any data switch closure versus any address switch 
closure 


c. Generation of sixteen shift pulses for serially loading either the 
address or the data register with the latest information as a function 
of the address or data switch closure(s) 


d. Serial incrementing the address register by one or two, 
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DEBOUNCED SAMPLING PULSE 

At the top of PCB logic sheet 4 are shown oneshots and a flip-flop. The sequence 
described here 1s summarized in the figure 4 timing diagram. Initially all oneshots 
are in quiescent states and FLS is being cleared continually by OLTS, which iv. 

turn insures that OSB and OAC are not being cleared. The last leading edge of 
TOSB-N retriggers Debounce Oneshot OSB to time out :n about |.9 milliseconds. 
Thus, by the t me OSB has timed out, no leading switch bounce can exit. 

Lockout Timing oneshot OLT is retriggered every 640 nanoseconds for an 

additional 24 milliseconds (approximate) during the relatively long time (tenths 

of a second or more) that TOSB remains low. From the time OLTS-P switched 
high, FLS is no longer being cleared. The trailing edge of OSBR-N triggers OACS-P 
on for approximately 3.4 microseconds. The trailing edge of OACS sets FLS, 
which means that FLSR-N keeps both OSB and OAC reset. Approximately 24 
milliseconds after TOSB goes inactive (high), OLTS goes low to clear FLS. At 


that time, FLSR is high and the oneshots are ready for the next switch closure. 


ADDRESS/DATA SWITCH IDENTIFICATION 

Refer to the PCB logic at the top of sheet 3. When OAD and ODA are quiescent, 

and if ENBL is low, both 10AD and 10DA are ready to sink current through inductors 
L2 and LI respectively, in the event of a switch closure on the address or data 
switch rows. Assume that one of the address switches. bit 15, is touched. Current 
begins to flow from R8 (PCB logic sheet 2) through the closed switch and cable 
conductors into JI-18 (ENDA). The voltage at JI-13 rises instantly to +5 volts and | 
then decays to 0 volts in less than one microsecond because of inductor L2. 

This differentiated voltage spike is fed through TOAD and through a second diff- 
erentiating network to trigger OAD with its leading edge. (This double differentia- 
tion is necessary to prevent oscillations between OAD and ODA after OAD or ODA 
is initially triggered because of the T123s characteristics. As soon as OAD is 
triggered on, the switch closure is declared to be an address switch closure for 

a minimum period of 3.55 millisecond. OADS meanwhile forces ODA to remain 


cleared and forces ENDA high to prevent data switch closure sensing during the 
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duration of OADS-P. An initial data switch closure works similarly except that 
ODA is triggered on and ENAD is forced high for the duration of ODAS-P. FBAS 
(Block Action F-F) clears both OAD and ODA while set. 


ADDRESS/DATA REGISTER CLOCKS 

Refer to the middle of PCB logic sheet 4. Assuming that address bit switch 15 was 
just closed, OADS is high for a minimum of 3.55 milliseconds, and the output of 
SFSA goes low for the duration of OACS (minimum of 2.41 microseconds). The 
_very next negative-going (trailing) edge of TFSD (Trigger Shift F-Fs) sets FSA. 
With FSAS high, ASCC advances the SCxx (Shift Counter) with each trailing edge 

of TFSD every 640 nanoseconds, After the sixteenth ASC A-N (Address Register 
Clock) is gated through, FSA is reset to prevent anymore ASC As from being 
generated, The FSAA-N (Synchronized Shift Address Register) and ASC A-N 
signals are used to shift the contents of the address register around. Had the 
detected switch closure been a data switch closure, the same SCxx shift counter 
would have generated 16 DSC A-N pulses as FSD would have been set. The DSC A-N 
pulses, along with the FSDA-N signal, would have been used to shift the contents 


of the data register around sixteen times. 


ADDRESS REGISTER INCREMENTATION | 

Refer to the bottom of sheet 4 PCB logic and figure 3. FNC is the flip-flop that 
may have been set with 1FNC-N during STATE A. Also, at the leading edge of 
STATE A, FSAT-N sets FSH. Sixteen shift pulses (ASCA-N) are generated 
with FSAA after the Synchronized Shift Address flip-flop sets. Pease the 
exclusive-or gate feeding the address register represents a half adder, incre- 
mentation takes place. If the BYSW (Byte Switch) signal is low, FNCS is 

gated through with the first shift count (zero) and thereafter until AROO-N goes 
false. If the BYSW-N signal is high, incrementation is skipped during the fir st 
shift count (zero); however, incrementation can take place during the fifteen 
following shift counts. Shifting the carry-in over by one is the same as adding 


two instead of one. 
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DATA ADDRESS MULTIPLEXER 

Refer to PCB logic sheets 2 and 4. SMUX is the sequentially-scanned output of 
BS00 during shift count 0, BSO1 during shift count 1, until finally it is BSIL5 
during shift count 15. (During no shifting, SMUX = BS00). BSxx is either from 
an address touch switch closure or from a data touch switch closure due to 
action of the ADDRESS/DATA SWITCH IDENTIFICATION logic. Based upon 
whether or not OADS or ODAS is alive, either INAX = SMUX or DMUX=SMUX 


respectively. 


DATA REGISTER 

Sheet 6 of the PCB logic shows the sixteen-bit data register, the outputs of which 
drive the data LEDs on the SWB and other blocks as shown in figure 1. The 

SC LD-N signal comes directly from the clear (data) touch switch. Loading the 
register takes place either in parallel from the data bus receivers or serially 
from DMUX@D00S when FSDA-N is true, Timing of the required control signals 
for either kind of loading is shown at the bottom of sheet 6. Capacitors on the 
outputs of DI3L, D12L, DO9L, and DO8L prevent excessive noise pickup on the 
ENDA and ENAD lines (see top of sheet 3 PCB logic). 


ADDRESS REGISTER 

The sixteen-bit address register (PCB logic sheet 7) functions similarly to the 
data register. For timing and control signals refer to the bottom of PCB sheet 6. 
Signal 1F1R sets the 1st Read and Ist Write flip-flops anytime the address is 
altered from the panel. 


PROCESSOR REGISTER SELECTION WITH LED DRIVERS 

Processor register selection logic is shown at the top of PCB diagram sheet 2. 
RS15-RSO00 switch closures are encoded into a straight (four-bit weighted) 

binary code by U52. This four-bit code (SRA4-SRAI) is loaded into the Processor 
Register Selection Storage for the condition ENBL, OACS, STROBE, ROLLOVER. 
‘he outputs of the Processor Register Selection Storage (RA04-RAOl) are 


decoded into sixteen separate LED drivers by U72. 
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SWITCH FLIP-FLOPS AND SINGLE ACTION DISCRIMINATOR 

Seven action switch closures require a DDC bus access: run, halt, step, read 
(at address), ‘write (at address), read (register), and write register. (Touching 
any one causes its LED to be lit directly on the SWB card assy). The Single 
Action Discriminator logic (PBI diagram sheet 2) prevents setting FBA, the 
Block Action F-F, if more than one action touch switch is closed at the trailing 
edge of OACS, However, for a single action closure, FBA is set and is not | 
cleared till after the action has been carried out via the INFIBUS., 

The leading edge of OSTS (Start Oneshot) loads the output of the action switch 
inverters into the switch flip-flops shown at the top of PBI logic sheet 3. For 
example, READ is thus loaded into FRD. 

The AUTO LOAD gate is shown on PBI logic sheet 4. On the same sheet appear 
the INHIBIT INTERRUPT (FIT) and ADDRESS HALT (FAH) flip-flops, both of 
which have toggle action activated by the trailing edge of OACS (debounced switch 
sampling pulse), both with respective LED drivers. 

The ATTENTION F-F (FIT) also is shown on PBI logic sheet 4. FTT does its 
own debouncing being set by the first leading edge/bounce of SATN (attn switch) 
and then getting reset only on the trailing edge of OLTS (Switch Lockout 
Oneshot). The trailing edge of FTTR-N sets the LEVEL 1 SERVICE NEED F-F 
(FN1) on PBI logic sheet 9. 


CLOCK GENERATION, STATE GENERATION, AND CONTROL FLIP-FLOPS 
Grouped together within this block (figure 1) are three different logic areas taken 


from PBI logic sheets 2,3,4,5, and 9, and PCB logic sheet 7. 


CLOCK GENERATION 

At the bottom of PBI logic diagram sheet 5 the 25 MHz CLKA is shown driving 
a four-bit binary counter (U55). Clocks CLKI and CLQD are obtained from the 
most significant stage of the counter. FPH is the Phase Flip-Flop that controls 
the generation of CFOA-P (Clock Phase 0) and CFIA (Clock Phase 1). The 


timing diagram next to gates CFOA and CFIA shows all inter-relationships. 
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The phased clocks are exclusively for generating states and micro-operations. 
The other two clocks are for sampling signals into oneshots and for driving 
the Switch Bounce Lockout Timing and Shift Control logic on the PCB 


card, 


STATE GENERATION LOGIC 


Refer to the lower half of PBI logic sheet 3, where, for any action U34 is 


shown generating FSA ( ETATE A), FSB(STATEB), FSC(STATE C), and occasion- 


ally FSD (STATE D). State’ transitions in figure 3 afford a concise, 
yet detailed explanation of what this logic performs, The timing diagram at 


the lower right-hand corner of PBI sheet 3 is a helpful reference, 


MISCELLANEOUS CONTROL FLIP-FLOPS 
Refer to figure 2 and 3, during the following discussion, 


The Block Action F-F (FBA shown on PBI logic sheet 2) is set by a single 


action at the trailing edge of OACS, the debounced switch sampling pulse, and is 


not reset until the last DONE or QUIT is received for a specific action. (For 
an optional continuous read or continuous write, it is not reset until the 
CONT R®W toggle switch is placed to OFF). The leading edge of FBAS 


triggers the Start Oneshot (OST) that times out in about 3.4 microseconds, 


The START F-F, FST, (Shown on PBI logic sheet 3) is set by the trailing edge 
of the Start Oneshot (OSTS) output, and causes STATE A to be generated next. 


The SHIFTING DONE F-F, FDS, (PBI logic sheet 3) is set by the trailing 
edge of FSHR-N. This implies the address register has just been shifted 


around for possible incrementation and causes STATE B to be generated next. 


The WAIT 2 F-F, FW2, (PBI logic sheet 3) is set during STATE C, only for a step 
so that setting STATE C can be delaved until a DONE or QUIT has been received, 


The WAIT 2 F-F (FW2 , PBI logic sheet 3) is set during STATE C only for step 


switch closure so that STATE D can be generated after QUIT or DONE is 
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received, . The Single Step F-F, FSP, (PBI logic sheet 5) hold the condition that 
‘the Run and Halt F-Fs had been set prior to 0A1G, which set the read flip-flop 


and cleared all other action flip-flops. 


The Address Match F-F, FAM, (PBI logic sheet 5) is set when the content of 
the address register equals the address on the INFIBUS while the control panel 
is not accessing the INFIBUS, and only if the Address Halt flip-flop is set. 


The (Synchronized) Address Comparison F-F, FCP, (PBI logic sheet 5) 


synchornizes the recognition time of an address match condition. 


The Service Address Comparison F-F, FAC, (PBI logic sheet 5) sets only when 
States B and C issue the halt Command to the addressed processor because of an 


existing synchronized address comparison. 


The Panel Busy (with state transitions) F-F (also PBI logic sheet 5) insures that 


State B always can be reset after being on for 320 nanoseconds. 


The DDC DONE F-F and DDC ABORT F-F (PBI logic sheet 5) holds these condi- 


tions for subsequent logical decisions because the bus access logic does not. 


The functions of Master Read F-F (FMR), the Level 1 Service Need F-F (FN1), 
the DDC Service Need F-F (FND) and the Last Service Request on DDC Level F-F 
(FLD) (PBI logic sheet 9) are self-explanatory by titles. 

The ist Read and Ist Write F-Fs (bottom of PBI logic sheet 2) cause the address 
register to increment before use on the INFIBUS for a READ (optionally for a 
WRITE) operation. | 
The Arm Auto Load Flip-Flop (top of PBI logic sheet 4) enables the issuing ATLD 
signal after being set by master reset, causing the load light on the panel to be 
lit whenever set or armed. — 

MICRO-OPERATIONS . | 

Those micro-operations synchronous to the control states, are shown on sheets 6 


and 9 of the PBI logic diagram. They are described in figure 3. 


Micro-operations that are partially, or totally, dependent on: Bus Access 


Logic; INFIBUS signals such as DONE or QUIT; or the Slave Address » 
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Recognition Logic are grouped together on sheet 7 of the PBI logic diagrams. 
The function of each is described next to its respective signal line. These 


micro-operations are also implied inthe flowchart of Figure 2, 


SYSTEM STATUS LOGIC 

System Status Logic monitors the processor Service Request Line, SRLC, 
and the processor Run Line, RUNN, directly on the INFIBUS and displays 
‘he condition on the run, idle, or halt LEDS. The logic controls the 


signals to the done and busy LEDS. 


HALT LED 

Refer to sheet 4 of the PBI logic. The hatt LEDis lit approximately 0.12 
seconds after the trailing edge of RUNN. This is done by the Run Oneshot 
(ORN) which is retriggered every 160 nanoseconds, as long as RUNN is 
true. (The worst-case variations of trailing edge or ORNR-N are indicated). 
Thus, ORN discriminates against conditions where short run periods are 
interspersed with short halt periods in a SUE system, and causes ORNL-P 

to be true and the halt LED to be turned off. That is, once the halt 

LED is turned on, the SUE system is known to have been halted and is no 


longer running. 


RUN LED 

Refer to sheet 4 of the PBI logic. The run LED remains turned on, as long as 
there are SRLC signals onthe INFIBUS. Note that the output of gate SRCN 

can rise to only 1. 5v (approximate) in 11 microseconds, as indicated on the 
logic. This ensures that FITL has a steady low level as long as at least 


two SRLC pulses occur within about 10 microseconds. 


IDLE LED 
Refer to sheet 4 of the PBI logic. The idle LED is driven by the IDLL gate 


and turned on for the condition RUNN.SRLC. For this instance the output of 


gate SRCO goes low only after the SRCN output has risen above +1, 5v. 
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DONE LED 
On sheet 4 of the PBI logic, is shown the Bus Access Done F-F (FAD) which 
drives the done LED with the BADL driver. This flip-flop is controlled only 


' for DDC accesses. 


BUSY LED 
Refer to sheet 3 of the PCB logic diagram. The busy LED remains lit as long | 


as OSD is triggered by any strobe at least once avery .088 seconds. 


SLAVE ADDRESS RECOGNITION LOGIC 

Slave Address Recognition logic is shown at the top of PCB logic sheet 9, and the 
output signal is called SARO-N. The input to gate SARO goes high during 

STRB. HCYC when signals on the address bus become FF8x, (where X1¢ > PBOl, 
PBOO, 0,0, Note that the rise time to +1. 5v of the tied outputs of U69, U49, 

and U59 has been slowed down by C32 to prevent false slave address recognition. 
On PBI logic sheet 9, the Slave To Be Read F-F (FSRS) is set by the condition 
SARP. RITE, and is reset either at the trailing edge of STRC or by the leading 
edge of FDNA-N delayed 50 nsec. Oneshot ORG (Load Reg Pulse Read Reg 
Delay) is triggered either by the leading edge of FSRR-N or by the condition 
SARP.RITE. Using this oneshot assures that ihe data has been loaded safely 
into the address register by ASCB-N, or into the data register by DSCB-N 
before DOND-N Internal Done is generated. ‘he oneshot also allows time for 
the proper register address to ripple through all cascaded logic elements 

for a read réplater operation. Note that loading the address or data registers 

is inhibited by OLTS-P (Switch Lockout Timing) even though DONE is returned 


to the bus controller. 


ADDRESS COMPARISON LOGIC 
The Address Comparison Logic is shown on the bottom of PCB logic sheet 9. 
Output EQA4-P is true when the address register contents eyual the address 


bus receiver outputs during STRB. 
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BUS ACCESS LOGIC 

The bus access Logic is shown on PBI logic sheet 8. This logic is similar to 
the DBAL integrated circuit logic and is not explained in detail here, Refer 

to SPECIAL COMPONENTS in General System Bulletin G4 for a description 

of this logic. The top-half of the bus access logic is used both for DDT level — 
bus access (run. halt), or for Level 1 bus access (attn), but never at the same 


time. 


CONTROL BUS DRIVERS/RECEIVERS 

The Control Bus Drivers/Receivers interface the following signals between the 
INFIBUS and the PBI circuit card on PBI logic sheet 10: ABO1, SRLD, SRL1, 
SACK, STRB, DONE, RITE, BYTE, ABI6, ABI7, ATLD, and MRES, 

On PCB logic sheet 3, the Control Bus Drivers/Receivers interface the 
following signals: STRB, HCYC, and MRES, 


MASTER STROBE LOGIC 

The Master Strobe Logic is shown on PBI logic sheet 10, and consists of gates 
STRE, STRF, anda 50-nanosecond delay line. STRF is issued to the Control 
Bus Drivers/Receivers Block at least 50 nanoseconds after the leading edge 


of FOLR-N, 


SERVICE HINTS 
Signal SYNC-N has been brought out to TP1 (Test Point 1) of the PBI circuit 
card, and is issued whenever the Address Bus = Address Register during the 
strobe. 
Also, an extra-long jumper cable to go between J4 of the PBI card and 
J4 of the PCB card is useful so that one card can be extended past the other during 
servicing, The part number is CA-D24P05-261-AA-024 manufactured by: | 
Circuit Assembly Corp. 
3025 So, Kilson Drive 
Santa Ana, California 92707 
(714) 540-5490 
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Both the PBI and PCB cards can be extended at the same time with the extra- 


long jumper cable by using two SUE extender cards in tandem for one card, 


and a single extender for the other. 


DRAWINGS AND PARTS LISTS 


This ia a list of the drawings and parts lists included in this bulletin. 


Title 


Control Panel Circuit Card 
Control Panel Logic Diagram 
Switch Panel Circuit Card 

Switch Panel Logic Diagram 

Panel Bus Interface Circuit Card 
Panel Bus Interface Logic Diagram 
Control Panel Parts List 

Switch Panel Parts List 

Panel Bus Interface Parts List 
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NOTES: UNLESS OTHERWSSE SPECIFIED 
1, ALL RESISTORS ARE IN OHMS, +2%, 1/4W. 
2, ALL NON- POLARIZED CAPACITORS ARE 0.1UF, + 80%, -20%, 50V. 
3, ALL POLARIZED CAPACITORS ARE 33UF, +20%, 10V. 


4, INTEGRATED CIRCUIT PACKAGE TYPE DESIGNATIONS ARE 
ABBREVIATED, FOR COMPLETE PART NUMBER SEE PARTS 
LIST, (REFERENCE LIST ON DRAWING 8001800200, ) 


5, INTEGRATED CIRCUIT PACKAGE POWER PINS ARE: (8 PIN ICP) 
PIN 4 OV, PIN 8 +5V; (14 PIN ICP) PIN 7 OV, PIN 14 +5V, EXCEP1 
T73 PIN 4 +5V, PIN 11 0V, T93 PIN 5 +5V, PIN 10 OV; (16 PIN ICP) 
PIN 8 OV, PIN 16 +5V, EXCEPT BDR PIN 7 AND 8 OV, PIN 16 +5V 
T76 PIN 5 +5V, PIN 13 OV; (24 PIN ICP) PIN 12 OV, PIN 24 +5V, 
EXCEPT R165 PIN 1 +5V, PIN 23 OV. 


+5V CONNECTOR PINS ARE: Pl-Al6, A28, A29, AS1, B16, B28, 
B29, B51; J1-92, 34; 32-83, 36. 


0V CONNECTOR PINS ARE: P1-Al, A2, Al5, A40, A54, A55, 
Bl, B2, B15, BAO, B54, B55; J2-49. 


8. ALL DIODES ARE 8001100001-1. 


+5V +5V 


cs cé cv Clo c1z2 +/C13 C14 cis C16 C17 c18 C20 C21 


C23 C25 C27 C28 C29 C30 C33 C34 C35 C36 C37 +1038 


ov 


pcpa-p €2—*28 PirB25 y PCDB-P 
pria-p @EcA® PirB80y aTiBeP 
prap ebiAsl PI-B31, on P 
Braap @picAs2 PI-B32. ran p 
BrsaA-p @inA3S PIrBSe BT4B-P 
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NOTES; 
1 ALL RESISTOR VALUES ARE 270 OHMS, +2%, 1/4W. 


CONFIGURATION MAY BE USED WITHOUT SWITCHES. IF USED 
WITHOUT SWITCHES JUMPER S66 THRU S69, 873 TO "ON" 
POSITION, 870 AND 872 TO "OFF" POSITION AS SHOWN, S71 
MAY BE JUMPERED AS REQUIRED. 


a +5V CONNECTOR PINS ARE: J1-32, 34, J2-33, 35, J3-21,23 AND 28. 
| OV CONNECTOR PINS ARE: J2-45, J3-1 AND 2. 
5. 


[=]: 


ALL LIGHT-EMITTING DIODES ARE 1005000837-1. 
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NOTES: UNLESS OTHERWISE SPECIFIED 


1, 
2. 


3. 
4, 
5. 


6. 


+5V 
cl c2 c3 C4 +45 CT 
c16 C17 cs 
C28 c29 C30 C31 C32 C33 C34 
ov 


ALL RESISTORS ARE IN OHMS, +2%, 1/4W 


ALL NON- POLARIZED CAPACITORS ARE 0,1UF, +80%, 
~29%, 50V. 


ALL POLARIZED CAPACITORS ARE 33UF, +20%, 10V. 
ALL DIODES ARE 8001100001. 


INTEGRATED CIRCUIT PACKAGE TYPE DESIGNATIONS 
ARE ABBREVIATED, FOR COMPLETE PART NUMBER 
SEE PARTS LIST. (REFERENCE LIST ON DRAWING 
8001800200. ) 


INTEGRATED CIRCUIT PACKAGE POWER PINS ARE: 

(8 PIN ICP) PIN 4 0V, PIN 8 +5V; (14 PIN ICP) PIN 7 OV, 
PIN 14 +5V, EXCEPT 173 PIN 4 +5V, PIN 11 OV; 

(16 PIN ICP) PIN 8 OV, PIN 16 +5V, EXCEPT BDR 

PIN 7 AND 8 OV, PIN 16 +5V, T76 PIN 5 +5V, PIN 13 OV, 


+5V CONNECTOR PINS ARE: P1-Al16, A28, A29, A51, 
B16, B28, B29, BS1; J3-21, 23, 25, 


OV CONNECTOR PINS ARE: P1-Al, A2, A15, A40, A54, 
AS5, Bl, B2, B15, B40, B54, B55; J3-1,2. 


c8 cg c10 cll 


c13 


cl4 C15 


C35 C36 


C37 


C38 C39 +] C43 
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: Qty | SERIAL NO. PART NUMBER CODE DESCRIPTION SPECIFICATION / MATL/NOTE(S) FIND 
MJREQO START] END | IDENT VENDOR REF DESIGNATION(S) | NO. 
REF 


SPEC/DWG/STD OTE: 

LECP1049-17 ARK DASH NUMBER, REVISION LETTER AND SERIALIZE USING 
A FOUR DIGIT NUMBER STARTING WITH 0001 PRECEDED BY 
M (MO001). 
AREA TO BE FREE OF SOLDER. 


TOTAL WARP AND TWIST SHALL NOT EXCEED .010/INCH IN 
GENERAL AREA AND .005/INCH IN CONNECTOR AREA, 


COMPONENTS NOT CALLED OUT BY THEIR FIND NO. ON FACE 


OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNATIONS. 


MAXIMUM COMPONENT HEIGHT (SIDE 1) .395 MAXIMUM. 
PROTRUSION (SIDE 2) .075 MAXIMUM, 
SQUARE PAD AND/OR STRIPE DENOTES CATHODE END OF DIODE. 


MAXIMUM COMPONENT CONFIGURATION DEPICTED ON FACE OF 
DRAWING. FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 


SQUARE PAD AND/OR DOT DENOTES PIN 1 OF ICP. 
TRIANGLE SYMBOL DENOTES TERMINAL PIN LOCATION. 


Parts List, Panel Bus Interface (PBI) 
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: Qty | SERIAL NO. PART NUMBER CODE DESCRIPTION SPECIFICATION / MATL/NOTE(S) FIND 
M|REQD |START] END | IDENT VENDOR REF DESIGNATION(S) | NO. 


REF [0001 SPEC/DWG/STD NOTE: 
LECP10N9-17 MARK DASH NUMBER, REVISION LETTER AND SERIALIZE USING | 201 
A FOUR DIGIT NUMBER STARTING WITH 0001 PRECEDED BY 
mM (M0001). 
AREA TO BE FREE OF SOLDER. 


TOTAL WARP AND TWIST SHALL NOT EXCEED .010/INCH IN 
GENERAL AREA AND .005/INCH IN CONNECTOR AREA. 


COMPONENTS NOT CALLED OUT BY THEIR FIND NUMBER ON 


FACE OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNAT- 
I 


MAXIMUM COMPONENT HEIGHT (SIDE 1) .395 MAXIMUM, 
PROTRUSION (SIDE 2) .075 MAXIMUM, 


MAXIMUM COMPONENT CONFIGURATION DEPICTED ON FACE OF 
DRAWING. FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 


SQUARE PAD AND/OR DOT DENOTES PIN 1 OF ICP. 
TRIANGLE SYMBOL DENOTES TERMINAL PIN LOCATION. 


Parts List, Control Panel (PCB) 
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S$] QTY | SERIAL NO. CODE SPECIFICATION / MATL/NOTE(S) 
v REQDISTART END | PART NUMBER IDENT DESCRIPTION VENDOR REF DESIGNATION(S) 


OOM | OOO} 0001 20010021 78-1 SWB-CKT CARD ASSY USED ON SUE 2220}1 


002] F| 065] 0001 1005000837-1 LIGHT EMITTING DIODE CR1 THRU (R17, 
CR19 THRU CR66 
003 RLO7S2716 RESISTOR MIL-R-22684/1 R1 THRU R3h, 
R36 THRU R66 
.5 1S 
00% T8201 86140 |SWITCH, TOGGLE CONTROL SWITCH $70, 72 
005 T8206 81640] SWITCH, TOGGLE CONTROL SWITCH $71 
eg. 
007 8001300311-2 CAPACITOR 
008 1005000 764-1 PIN, TERMINAL 
009 SN60/SN63 SOLDER 
010 1001004842-1 PRINTED WRG BOD, SWB 
Parts List, Switch Panel (SWB) 
PL2001002178-1, Rev. H (Sheet 2) 
PART HUMBER | 
200 SPE C/DWG/STD NOTE: 
2014 | A/R jo001 LECP10K9-17 MARK DASH NUMBER, REVISION LETTER AND SERIALIZE USING 
A FOUR DIGIT NUMBER STARTING WITH 0001 PRECEDED BY 
mM (M0001). 
202 AREA TO BE FREE OF SOLDER AS SHOWN. (BOTH SIDES) 
203 PRINTED CIRCUITRY SHOWN IS PHYSICALLY ON COMPONENT 
204 COMPONENTS NOT CALLED OUT BY THEIR FIND NO. ON FACE 
OF DRAWING ARE IDENTIFIED BY THEIR REF DESIGNATIONS. 
205 MAXIMUM COMPONENT HEIGHT .300. 
206 LEAD PROTRUSION .075 MAXIMUM, (BOTH SIDES) 
207 MODIFY SWITCH LEVER AS SHOWN. 
208 LEOS (FINO NO. 2) TO BE IN LINE WITHIN .03G. 
209 MAXIMUM COMPONENT CONFIGURATION DEPICTED FACE OF 
DRAWING, FOR ACTUAL USAGE SEE APPLICABLE PARTS LIST. 
21¢ HOLES NOTED SHALL HAVE NO SOLDER PROTRUSION ON 


COMPONENT SIDE. 
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| SERIAL NO. | NO. 
Hee cae 


0001 
0001 
0001 
0001 
0001 
0001 
ooo1 


0001 


1 0001 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
go001 
0001 


0001 
0001 
0001 
0001 


0001 
0001 


0001 
‘0001 


0001 
0001 
0001 
0001 
0001 


MB2002001153=1 


CODE SPECIFICATION / MATL/NOTE(S) 
PART NUMBER IDENT DESCRIPTION VENDOR REF DESIGNATION(S) 


2001002177-1 
1001004841 -1 
8001 8000R4- 1 
8001 800049- 1 
8001 800046- 1 
8001 800072-1 
8001 8000 74-1 


8001 800043 -1 
8001 8000 76-1 


8001 800045- 1 
8001.800092-1 
8001 800098- 1 
8001 800099-1 
8001 800101-1 
8001 800110-1 
8001 800117-1 
8001 800082-1 
8001 800081 -1 
8001800123-1 


1005000 764-1 
8001 803 166-1 


8001 803126-1 
80018031341 


8001 803143- 1 
8001 803169-1 


8001 803181-1 
8001 803195-1 


SN75453P 


80018031551 
N8266B 
HO1-0165-5 
N8242A 

8001 803204-1 


PCB-CKT CARD ASSY 
PRINTED WRG BD, PCB 


1cP 
rcp 
Icp 
IcP 
IcP 


ICP 
ICP 


Ice 
ICP 
Icp 


ICP 


IcP 
IcP 
cP 
ICP 
cP 
IcP 


PIN, TERMINAL 
Icp 
ICP 
ICP 


ICP 
IcP 


ICP 
IcP 


ICP 


ICP 
cP 
ICP 
IcP 
cP 


TEXAS INS?* INC 


STGNETICS 
HARRIS SEMi COND 
SIGNETICS 


Parts List, Control Panel (PCB) 
PL2001002177-1, Rev. D (Sheet 2) 


USED ON SUE 2220}1 


2 
U42 (74HOK) 3 
U63 (74H21) 4 
U29 (74HIO) 5 
U28 (7400) 6 
en ea 37 7 
UI4 (74HOT ) 8 
U5,15,25,35,45, |9 
55,65,75 (740K) 

10 
US9 (74HOS) 1 
U27, 4% (7451) 12 
U22 (7473) 13 
U33 (7474) 14 
U32 (7476) 15 
U12 (7493) 16 
ut1 (74150) 17 
US& (74HOO) 18 
U23 (7440) 19 


U10, 20, 30,40, 50, [20 
60, 70, 80, 39(BDR) 


NOTE 210 21 
U72 (74154) 2? 
U9, 34,79 (7808) {23 
U13 (7425) 24 

25 
U74 (7486) 26 
U6, 16, 26, 36 27 
(74157) 
U62 (74175) 28 
U8, 28, 58, 78 29 
(74198) 

30 
U2 31 

32 
U3, 43,64 (74123) 133 
UN6, 56, 66, 76 34 
U52 35 
U47,57,67,69,77 136 
Uso (74815) 37 


MB2002001153-1 SUE 2220 


S| qty | SERIAL NO. CODE 
8 SPECIFICATION / MATL/NOTE(S) 
AG START] END | PART NUMBER | inet DESCRIPTION VENDOR REF DESIGNATION(S) 


038} E] 007 (0001 8001100001 -1 sg Ped 38 
e I 


MIL-R-22684/1 R40 .5 IS 
RESISTOR MIL-R-22684/1 R11,12 .5 IS 
RESISTOR MIL*R=22684/1 ae a ae 


e 


039 


0001 
002 jO001 
O04 j0001 


RLO7S512G6 
RLO7S911G 
RLO7S103G 
RLO7S3036 
RLO7S152G 


005 jQ001 
002 j0061 
0001 
0001 


RESISTOR MIL*Re22684/1 RO, 10,38,39,41 
RESISTOR MIL-R-22684/1 -R13,16 .5 IS 

MIL-R-22684/1 -R33_.5 IS 
MIL*R=22684/1 R34 .5 JS 


RESISTOR MIL -R-22684/1 R19,35 .5 IS 


0001 


MIL-R-22684/1 


RLO7S102G 


MIL-R-22684/1 R37 .5 IS 
SOCKET, RCPT TEXAS INSTR INC J& (24 PIN) 


RLO7S153G 
C932402 


001) 0001 
001 /0001 


OR0 
0270001 CAPACITOR C5,6, 7,10, 12, 14, 
15, 16, 17, 18, 20, 
21,23, 25,27, 28, 
29; 30), 33, 34, 35, 
36, 37, 3,4, 8,9 
625 18 


8001300101 +1 


000 
000 
000 
003} 0001 
002} 0001 


800130031 4-2 
8001300812-1 
8001300015 -1 
192P2249R8 
DM-15-181J 
0D-330 


CAPACITOR C13, 38,26 . 81S 
CAPACITOR C1,2 .8 IS 
CAPACI TOR C19 .1 IS 
CAPACI TOR SPRAGUE C22 .8 IS 
CAPACI TOR EL MENCO “C32 .25 IS 
INDUCTOR NYTRONI CS L1,2,3,4 .5 IS 


001)0001 
001; 0001 
00170001 
004] 0001 


8001600008- 1 
8001300333~2 
CM05FD391 JO3 


SN60 /SN63 
LD2001002177-1 


DELAY LINE, FIXED DL1 
CAPACI TOR C31 .8 IS 
CAPACI TOR MIL-C+5/18 11,24 .25 IS 


001] 0001 
001; 0001 
002) 0001 
A/R, 0001 
REF) OOO1 


SOLDER 00-S-571 
LOGIC DIAGRAM 
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SPECIFICATION / MATL/NOTE(S) 
DESCRIPTION VENDOR REF DESIGNATION(S) 


USED ON SUE 2220 


Ts] QTY | SERIAL NO. CODE 
REQD ISTART| END | PART NUMBER IDENT 
ooo] 0001 2001002165=1 

1001004807-1 


PBI-CKT CARD ASSY 
PRINTED WRG BD, PBI 


0001 


0001 
0001 


8001300101-1 


800130031 t-2 
CMOS5ED300G603 
8001300015-1 
8001300020- 1 


192P22K9R8 


6001300065-1 


RLO7S512G 


RLO7S681G 
RLO7S102G 


RLO7S301G 
RLO7S153G 
RLO7S3036 
RLO7S103G6 
RLO7S680G 
RLO7S2216 


CAPACITOR 


CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 
CAPACITOR 


RESISTOR 


RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


MIL-C-5/18 


SPRAGUE 


MIL-R-22684/1 


MIL-R-22684/1 
MIL-R-22684/1 


MIL-R-22684/1 
MIL-R-22684/1 
MIL-R-22684/1 
MIL-R-22684/1 
MIL-R-22684/1 
MIL-R-22684/1 


C1,2,3,4,C7 THRU } 
C14, C13 THRU C39 
.25 1S 

C5,40,43 .8 IS 
C12 .25 IS 

cht .1 1S 

Ch2 .2 1S 

C6 .8 1S 


Owe 625 1S 


R6, 10,11, 19,37 
.5 IS 


R13,34 .5 IS 
R1,2, 7,8,9,R14 
THRU R18,R20 
THRU R33. .5 IS 
Ru .S IS 

R35 .5 1S 

RS .5 IS 

R36 .5 IS 
R3,12 .5 IS 


R39 .5 IS 


800 1600008- 1 DELAY LINE, FIXED DL1, OL2 


8001100001-1 DIODE CR1,2,3 .5 15 


8001 800072-1 U7, 13, 23, 26, 27, 


43, 64,66,71, 76 
(7ho0)} 
U10, 72 (74HOO) 
U15 (7402) 
U22 (7403) 


U24,42,49 
80 ( 7uHO) 


U79 (74HOS) 

U9, 18,48, 52, 56, 

58, 62,63, 67,68, 

74° ( 74H10) 

U6 (74H11) 2 


‘ 
U2,69 (74H20)} 133 


800 1 800082 - 1 
8001 8000 74- 1 
80018000 75-1 


8001 800044 1 60, 73, 


8001 800045 - 1 
8001 BO0086- 1 


8001 80004 7-1 
8001 800048 - 1 


Parts List, Panel Bus Interface (PBI) 
PL2001002165-1, Rev. D (Sheet 2) 


MB2002001153-1 SUE 2220 


vue | SERIAL NO. NO. CODE SPECIFICATION / MATL/NOTE(S) FIND 
REQD |StarT] END | PART NUMBER pent DESen EAN VENDOR REF DESIGNATION(S) | NO. 


0001 8001 8000H9-1 ICP US (74H21) 
0001 8001 800054- 1 ICP US (74HS1) 
0001 8001 800058-1 ICP US9 (74HS5) 
ono 8001 800098- 1 IcP U78 (7473) 


0001 8001 800099-1 ICP U3,14,45,46, 54, 
65. (74744) 

0001 8001 800123-1 ICP U30,40,50 (BOR) 

0001 8001 800043-1 ICP U16,32 (74HO1) 

0001 80018001011 ICP Us4 (7476) 

0001 8001 803198-1 ICP u20, 47, 57(74S00) 


{0001 8001803126-1 ICP U25, 35, 36,53, 75 
(7408) 
ooo! 8001803202-1 IcP U38 (74510) 
n001 8001803203-1 ICP U39 (74S11) 


0001 8001 803137-1 ICP (yt 11,12, 70 


(7432) 
9001 80018031211 1cP U29,33 (74H74) 
1} 0001 8001803171-1 ICP U34 (74161) 
ano 8001803194-1 ICP USS (74197) 


SN75452P 
80018031551 
80018031 81-1 
8001 803200-1 


01295 TEXAS INSTR INC U9 
ICP U17,77 (74123) 
1cP Us (74175) 


ICP U37 (74S04) 


ooo 


0001 
0001 
0001 


C932402 01295] SOCKET, RCPT TEXAS INSTR INC J& (24 PIN) 


1005000 764-1 PIN, TERMINAL NOTE 210 


SN60 /SN63 
£02001002165-1 


SOLDER 
LOGIC DIAGRAM 


Q0-S-571 
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PBL TECHNICAL REF 


SIZE] CODE IDENT DRAWING NO. 
Z A PBiIfOosS 


NO. 
SCALE REV A SHEET {1 OF C 


PBL - CONTROL PANEL-PANEL BUS INTERFACE Lockheed 


see also PCB-@5, SWB-@5 


Status ~_ address none 
W 
R 

Switehes - none. 


Jumpers 
Memory Protect Access (Assert Key Bits) 


These jumpers will assert address lines 
16 and 17 as tabulated below, during a 
control panel reference to memory space. 


CONNECT TO 
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PBI Assembly (Modification) 


This applies to LEC PBI's of all revision levels. 


Parts needed: 


BBN # QTY ITEM 

5 1 24-pin DIP socket (Augat) 
130 LT. CIT-10 TAG 
181 1 °6-32 X 1/4 nylon screw 


Install plastic tag with board type and serial number. 


Replace 24-pin DIP socket (J4) at notched end of the board 
with the 24-pin Augat socket. (See Figure 1) 


Solder a wirewrap wire to the right of the gold plating on 
the finger shown in Figure 1. Wirewrap the other end to 
J7:01 as shown. | 


The added wire allows selection of key bits for console 
references. 
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DETAIL 


(see page 4 for Figure 1) 


Fix to Console (1) on PBI cards 


Ze) 


~~, 


ee NS 
oo NT.g91der a wire-wrap wire to 
, Se 
mas { 
Wier 7 / 


wrap other end to J7:01 
secure wire by routing underneath 


io 
resistor leads, etc. 


INDICATES 
GOLD PLATING 
ON FINGERS 
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Control Panel Board 


PCB-@2 Logic Description 
PCB-@5 Technical Reference 
PCB-15 Assembly (Modification) 


PCB-28 Schematic 
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Fees ae re es meee ements - ateemen ae 


PCB - CONTROL PANEL--CONTROL PANEL BOARD 


see also PCB-%5, SWB-@5 


Status - Address none 
W 
R 
Switches - none 
Jumpers 


Control Panel Address 


J5 


Lockheed 


Connector 
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PCB Assembly (Modification) 


This applies to LEC PCB's of all revision levels. 


Parts needed: 
BBN # 
5 


130 
181 


gry 


1 
1 
1 


ITEM 


24-pin DIP socket (Augat) 
CIT-10 TAG 
6-32 X 1/4 nylon. screw 


Install plastic tag with board type and serial number. 


Replace 24-pin DIP socket (J4) at notched end of the board 
with the 24-pin Augat socket. (See Figure 1) 
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PID LOGIC DESCRIPTION 


Address Recognition and Decode 


The PID recognizes the following addresses: 
FXYOZ where XY = EO, E8, FO, F8 
and Z = 0 (R/W) 
2 (R only) 
4 (R/W) 


The 20 address wires are received from the INFIBUS by BDRs. 
The low-order bit is ignored. ADC1 prevents recognition of Z=6. 
ADC6 prevents recognition of writing to Z=2. PIA11 and PIA12 are 
the switch-selected levels to choose X and Y. These are EX-ORed 
with AB11 and AB12 to produce ADC4 and ADC5. Thus ADCOM- is low 
when a satisfactory address is received. 


STRB+ is delayed by an EX-OR gate (to allow for address 
decoding gating) and ANDed with HOLD- (i.e., prevent recognition 
until the fall of HOLD) to form CLKAD+ which clocks the ME flop. 
This flop is operated in an inverted manner; ME+ is true when the 
Q output is asserted, etc. ME+ is cleared by the fall of 
undelayed STRB+. 


Since the priority tree takes some time to settle, a 
Subsequent access to the PID must be delayed until the outputs 
are stable; thus, a timer (BUSY) is included. When ME+ comes 
true and BUSY is not true, a 60 ns timer (DODON) is started. 
This delays the beginning of DONET until the data on a READ has 
come back through the BDRs to the input logic (see Overview 
below). A 50 ns DONE pulse, whose trailing edge starts the BUSY 
timer (300 ns), is then produced. 


Since processors cannot assert address bits 18 and 19, 
Single-bus IMPs have a problem -- a processor must directly 
reference a device without an intervening bus coupler. Because 
devices expect these two bits to be true, they are never 
addressed, and therefore, the PID (which we posit to be always 


present, even in the smallest IMP) includes a Switch 
(Single/Multiple Bus Control) to force these lines always true 
(low). Because the PID is always a slave, it need never 


oheet 2° of 5 


Report No. 3004 Bolt Beranek and Newman Inc. 


broadcast an address, hence the ENABLES of the other BDRs are 
low. 


Memory, Priority Tree, and Output 


The 127 levels are stored in 16 Fairchild 9334 addressable 
latches, 8 bits to a latch (level 0 is always true). The outputs 
of these latches are numbered, e.g., F093 means ninth package, 
third level. Larger numbers are higher priority. The latches 
are operated inverted; a level is asserted if its output is low. 


Associated with each latch is a 9318 priority tree which 
outputs the 3-bit number of the highest level asserted within 
that group (e.g., R124 means group 12, 14 bit). The Group Select 
output is asserted if any level within that group is true. 


The Group Select outputs are in turn input to another pair 
of 9318s to determine the number of the highest priority group 
with a true level. If the Group Select of the high order 9318 is 
true, the desired level number is in groups 8-15 and the high 
order bit (bit 7) should be a one; therefore DBO7X is taken 
directly from the GS output. The sense of this signal also 
determines the second level 9318s from which to take the rest of 
the group number;* therefore, DBO7X switches the multiplexer 
which, outputs DBOY4X-DEO6X. These 4 bits of the group number are 
used by three multiplexers to select the 3 bits output by the 
priority tree of that group. These 3 bits are then used as_ the 
low order 3 bits of the output level. 


The seven lines DBO1X-DBO7X contain the number of the 
highest priority level that is set. These are latched by the two 
74175s at the trailing edge of BUSY, i.e., after any change has 
had a chance to propagate through the tree (CKLAT also latches 
the lines after a reset cycle, see below). The outputs of the 
latches go to the driver inputs of the data BDRs and to seven 
LEDS mounted on the rear edge of the board which displays’ the 
highest priority level set at any time. 


*Since level 000 is forced true, we are assured that “there is 
always a true level in the lower half. 


sheet 3 of 5 


Report No. 3004 | Bolt Beranek and Newman Inc. 


Input 


This section performs two functions: to address the correct 
latch in the memory and to provide the correct sense of the data 
to be inserted in that latch. The four high-order data bits 
drive a demultiplexer that enables the correct latch. The 
address within that latch is determined by data bits 1-3 which 
become PILO-PIL2. 


The data input to the latches is LDAT, which, driving normal 
accesses, is determined by SETPI. SETPI= (RITE + ABO2) + £ABOI, 
giving the following truth table: 


Z ! R W 
! 
1 

0 ! 1 1 [write address ] 
! 

2 ! 0 no [read address] 
! done 
! 

4 ! 1 0 [clear address] 


Thus a READ to the read address or a WRITE to the clear 
address clears that latch; a WRITE to the write address sets it. 
A READ to either of the addresses which are normally WRITten to 
causes LDAT to be true, i.e., reset the highest set level (don't 
change anything). These addresses must be recognized to allow 
for the early processors! prefetch before a MOVE to memory. 


LDAT and the PILs are buffered (e.g., PILO- becomes PILOA+ 
and PILOB+) to drive the necessary load. 
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Reset 


Since the latches are operated inverted, the proper. reset 
condition (no levels on) is with all latches set; thus the usual 
CLEAR inputs will not suffice. Instead, the occurrence of MRES 
sets the RES flop to begin a reset cycle. RES switches the 
multiplexers which determine the PILs and LDAT from bus data to a 
counter driven by CLKA, the 25 MHz bus clock. LDAT is held to 
zero and the enable demultiplexer is always enabled; thus the 
PILs will cycle through all values, setting each latch to logical 
zero. When the counter overflows, RSDON clears RES.* 


Overview 


On a WRITE operation to the write address, the address is 
recognized and ME is set. While the DODON delay is running, the 
data bits (i.e., the level to be set) are propagating to the 
enable demultiplexer and the address inputs on the latches. LDAT 
also is being set properly. When DONET fires, the proper latch 
is enabled and LDAT is strobed in. The receipt of DONE by the 
originating master will cause him to remove the data bits from 
the bus and lower STRB, which resets ME. BUSY prevents any 
subsequent access until the worst-case new information can 
propagate through the priority tree and be captured in the output 
latches. 


On a READ operation to the read address, the address is 
recognized and ME is set. Since RITE is false, DREN will be true 
while ME is true. Thus the highest level set (captured in the 
output latches on the previous access) is output to the bus. 
While DODON is running, the transmitted data is being received 
by the BDRsS_ and routed to the demultiplexer and address inputs 
on the latches. When DONET pulses, indicating to the originating 
master that the data on the bus is valid, the demultiplexer is 
enabled, causing that latch to be cleared (LDAT=0). The cycle 
ends and BUSY works in the same way as for a WRITE. 


A WRITE operation to the clear address works just as it 
would to the write address, except that LDAT=0, so the addressed 
latch is cleared rather than set. 


*In fact, since RES is long (50 ms.) about 500 RES cycles will 
take place. 
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PREFACE 


This Maintenance bulletin contains a detailed description of the SUE 4601 Input/ 
Output High-Speed Paper Tape Controller. Information in this bulletin is 
an primarily for system user and maintenance personnel with backgrounds 
in digital systems. Read Reference bulletin R4601 for a general description of 


this module and SUE General System Bulletins for background information. 
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SUE 4601 INPUT/OUTPUT HIGH SPEED 
PAPER TAPE CONTROLLER 
MAINTENANCE BULLETIN M4601 


INTRODUCTION 

SUE 4601 Input/Output (I/O) High Speed Paper Tape (HSPT) Controller interfaces 
with HSPT devices using TTL high-true logic for both input and output data, and 
is capable of half-duplex operation, Using the basic SUE 4501 controller module, 
SUE 4601 is configured by jumpers to interface with one paper tape reader and/ 


or one paper tape punch of the following equipment: 


SUE Peripheral Device Corresponding 
Model Number SUE Maintenance Bulletins 

6714 High-Speed Paper Tape Reader M4601, M6714/6715 
with Spoolers 
6715 High-Speed Paper Tape Reader M4601, M6714/6715 
without Spoolers 
6716 High-Speed Paper Tape Punch M4601, M6716 
6719 High-Speed Paper Tape Reader- M4601, M6719 
Punch 


Maintenance bulletins in the 6700 series contain descriptions unique to each 


peripheral device. 


Figure 1 is a general black diagram of the SUE 4601 HSPT Controller. The 
seven blocks in the diagram represent functional logic groups that operate to 
receive and transmit input and output data between the INFIBUS and HSPT 


equipment, Paragraphs following define each functional logic group. 
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Figure 1. SUE 4601 High Speed Paper Tape Controller, General Block Diagram 
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DATA BUS DRIVERS/RECEIVERS AND MULTIPLEXER 

Interfaced withthe INFIBUS data lines, the data bus drivers/receivers transmit 
and receive I/O data bi-directionally. Data received for output is applied 
directly to the output data register. Data for input is selectable by the data bus 
multiplexer for transmission on the INFIBUS data lines. One of four informa- 
tion types can be selected for input: read data from the device, control register 
contents, device and controller status, and controller address (same as device 


number). 


INPUT AND OUTPUT DATA REGISTERS 

Two data registers are contained in the controller: one for input, the other for 
output. Each register temporarily holds eight I/O data bits for transmission 
between the INFIBUS and the I/O device. Both registers are addressed inden- 
tically; therefore, the input data register cannot be written by a master module, 


and the output data register cannot be read. 


CONTROL REGISTER 

The control register can hold up to six control bits loaded from the six least- 
significant bits of the data bus. Three control bits are decoded and used to acti- 
vate read/write/interrupt control functions. The control register contents can 


be input through the data bus multiplexer by a Read Control Register operation. 


READ/WRITE CONTROL AND STATUS 

The read/write control logic sends I/O commands to the device, receives 
device responses, and handles read or write control functions in the controller. 
One status bit is used for Read timing error or no ata read after 300 milli- 
seconds, One device-not-ready status bit is used for each paper tape read or 
write device. Device-not-ready status bits are not stored in the controller but 
are d-c signals that indicate operational condition. All status is available for 


input by a Read Status Register operation, 


co 
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INFIBUS ACCESS DRIVERS/RECEIVERS AND CONTROL 

The INFIBUS access drivers/receivers transmit and receive the INFIBUS 
control signals commonly used in the SUE system to control system module 
communication. Controller bus access logic, the type implemented in most 
SUE modules, initiates interrupt service requests when a service need is 
indicated, and communicates with the bus controller during selection for bus 


access. 


ADDRESS RECEIVERS AND RECOGNITION 

The address receivers and recognition logic are implemented to receive and 
recognize the controller register addresses from the INFIBUS address lines. 
Recognizing one of the controller register addresses initiates either a read or 
write operation according to the logic state of the RITE line at the time of 
recognition, Part of the recognition logic is used to encode the controller 
address that is placed on the data bus during a bus service cycle. The address 
placed on the data bus is used to identify the controller during the subsequent 


system interrupt. 


READ/WRITE ENABLE AND DONE 

Read/write enable logic activates either the read or write mode according to the 
logic state of the INFIBUS RITE line. A delay line associated with this logic 
ensures that data is transferred after the data lines have settled. The delay 


line terminates in the Done logic to signal the end of a read or write operation. 


INSTALLATION CONSIDERATIONS 

SUE 4601 Paper Tape Controller can be installed from the insertion side of the 
chassis in any slot to the left of the bus controller, considering priority for 
bus access. Module priority relative to bus access is described in General 


System Bulletin G4, 


4 . Dec 72 


SUE 4601 MB2002001242-1 


To use a SUE 4690 Block Transfer Adapter with a SUE parallel controller, the 
BTA must be located in the adjacent slot immeidately to the right of the parallel 


controller that it modifies. 


SUE 4601 CONFIGURATION 

SUE 4601 is configured to operate with a paper tape reader or punch by factory 
installed jumpers at pre-designated terminal points on the printed circuit card, 
Two jumper classes ‘are used: program and function jumpers. Program 
jumpers define the module address, interrupt request/select lines, and opera-~ 
ting mode. Function jumpers effect the logical interface between the controller 
and the specific device, All jumpers are wrapped on 0, 025-inch wire-wrap 
posts using number 30 AWGwire. Wire-wrap posts are pre-installed in 
jumper connection pads, A maximum of two wires can be wrapped on a wire- 


wrap post. 


PROGRAM JUMPERS. - Logic diagram sheet 1 contains a list of the SUE 4601 
program jumpers, J3 is used to encode the module address; J4, the interrupt 
request/select lines; and J5 the Program Data Transfer (PDT) or Direct Data 


Transfer (DDT) mode. 


Program jumpers are identified by an alphanumeric designation such as J3-1A 
where J3 defines the functional group (i. e. addressing) and -1A defines the 
connection location, The same designation type is used to identify I/O connectors 


J1 and J2 and their pin locations, 


Address Encoding (J3) 


Each address bit, A04 through All, is encoded by connecting a jumper as 
indicated in the Program Plug Data for J3 on LD sheet 1. J3 is represented 
schematically on LD sheet 10. Each of the eight bits must be connected to 


either a binary 1 terminal or a binarv 0 terminal to encode the address, 
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Interrupt Line Connections (J4) 

The interrupt request/ select line jumper terminals are represented schematically 
on LD sheet 3. Onlv one pair of the four SRL(x)/SEL(x) terminal points should 

be connected. In LEC SUE standard practice, line 2 is aesienea to most periph- 
eral controllers. Where svstem requirements demand another pair of lines 
because of priority or design, any one of the four pairs can be connected, 


Interrupt line priorities and operation are described in General System Bulletin G4. 


Mode Selection (J5) 

Program plug J5 contains terminals for one jumper and is shown schematically 
on LD sheet 3. To operate the controller without a SUE 4590 Block Transfer 

Adapter (PDT mode), this jumper must be connected so that bus access can be 

initiated for a program data transfer. To operate with a SUE 4599 Block Trans- 


fer Adapter (BTA mode), this jumper must be disconnected. 


FUNCTION JUMPERS. - Function jumper pads are identified »y an alpha- 
numeric designation such as Fl, E2, E3 etc, ; where F is a fixed prefix and the 
number set is sequential beginning with 1. SUE 4601 contains 79 terminal points 
for function jumpers, but only 27 are used to configure the controller to operate 
paper tape devices. All function jumper terminals are listed in table 1; those 
used to configure a 4601 are listed at the beginning of table 1, Each program 
and function jumper terminal-identification is etched on the controller circuit 
card, The terminal points can be located physically by referring to the circuit 


card assembly drawing facing the first logic diagram. 
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SUE 4601 Function Jumper Terminals and Configurations 


Logie Diagram 
Location 


Function 


Jumper Configuration 
J1-Al SUE 4601 


J1-A13 


J1-Al4 


J1-A15 
J1-A16 
J1-A17 
J1-A18 
J1-A19 
J1-A20 
SIST-P 


0V 
1K Pull-up to +5,0v 


J2-Al8 
J2-A19 
J2-A20 
J2-A21 
J2-A22 
J2-A23 
J2-A24 
J2-A25 
IDO08-P Input Data 
ID09-P Input Data 
ID10-P Input Data 
ID11-P Input Data 
ID12-P Input Data 
ID13-P Input Data 
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Table 1. SUE 4601 Function Jumper Terminals and Configuration (Continucd) 


Jumper | Logie Diagram | 


Termins! Location 
, 


renetion 


24 | SDB f (DM4-2 tnt Data 
: MoT5-) Tnput Data 

Ee L? eS Se re yee a aie 

STS6=P AGuifiary Status 

SPTSs-P \o-cibiary Status 

STST=-Prvusiliary Status 

NS PS5-P Ausiliary status 

4iye (; Oo PS-+-N Auxiliary Status 

Character’ Block Contro! 

CROS-P Read Start 

NTS2-N Auxiliary Status 

QDOs -P tritout Data 

ONIIT-P output Data 

ODIO-P Output Data 

ON1=-P Output Data 

OMIS-P Output Data 

ODPi=HP omtpat Datu 

OD9-P éiatput Data 

ONON-P Cintput Data 

AZ2A0 WODC Seite Deview Data Call 


Pin to WG Weite Device Run Gate 


Be Bes » Pa a AN Wie Peytce Not Readv-Cate 


Pin 9 WithbA Write Data Call Gate | 


B50 TO2 ; fin 2 RUA Read Device Not Ready Gate 
‘ 
$ 
no] ve ees Pee Se een Not Heads 
3 4 : 
52 | rae | tN 
; | 
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Table 1. SUE 4601 Function Jumper Terminals and Configuration (Continued) 


Jumper Logic Diagram 

Terminal I.ocation Funetion 
Ov 
Ov 
Ov 


CMD2-N Auxiliary Command to Device 
CMD1-N Write Command to Device 
J1A2 Input Data Strobe 

SOS-P Strobe One-Shot Input - 

SOS-N Strobe One-Shot Input 

J2A7T WDGA-N Write Device Run 
Auxiliary [/O0 Control Driver Input 
Auxiliary 1/0 Control Driver Input 
EDST-P External Device Strobe 

RDS-P Read Data Strobe Input 

SOS-N Strobe One-Shot Output 

SOS-P Strobe One-Shot Output 

J2A5 CMD2-N 

J2A6 CMDI-N 

Not Used 

Not Used 

CRO1-N Write Start 

CR5S-P Control Register Bit 5 | 
CR05-N Control Register Bit 5 Inverted 


GRSA-N Reset or Write Status Register 


GRSC-P General Reset Inverted 
CROS-N Control Register Bit 3 Inverted 
CRO4-N Control Register Bit 4+ Inverted 
CR4S-P Control Register Bit 4 
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CONTROLLER-DEVICE INTERFACE 

Two connectors, J1 and J2, interface the input and output cables to the device. 
J1 interfaces input devices; J2 interfaces output devices. Both connectors are 
edge-mounted on the controller module as shown on the circuit card assembly 


drawing. Part numbers of the I/O connectors and mating plugs follow: 


1/O 1/O Connector Mating Plug 
Connector Part Number Part Number 
J1 3M Company (40-Pin) ITT Cannon (20/40 Position) 
3432-1002 121-7565-000 
J2 OM Company (50-Pin) ITT Cannon (25/50 Position) 
D455-1002 121-7565-002 


Input and output connector pin functions are listed in tables 2 and 3, respectively. 


Pin assignments are shown in table 4, 


LOGIC DESCRIPTION 

Figure 2 is a detailed block diagram of SUE 4601 that corresponds directly with 
the logic diagrams. The number in the upper left-hand corner of each block 
refers to tie logic diagram sheet number where the corresponding logic is 
located. Logic descriptions and key source logic definitions are contained on 


the sheet preceding each logic diagram. 


ASSEMBLY, LOGIC, AND PARTS 
The SUE 4601 assembly drawing, logic diagrams, and parts list contained on the 


pages following, are listed below: 


SUE 4601 Paper Tape Controller Circuit Card Assembly (PPB) 
2001002137, Revision D (Sheet 1) 


SUE 4601 Paper Tape Controller (PPB) LD2001002137-10 
Revision B (Sheets 1 through 10) 


Parts List, Assembly Model 4601 PL2001002137-1, Revision D 
(Sheets 1 and 2 of 2) 


A description of the reference designators, signal locations, and procedures 
for using these items is contained in the SUE DOCUMENT INDEX, General 
System Bulletin Gl. 
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Table 2, SUE 4601/6714/6715 and /6719 High Speed 
Paper Tape Readers Interconnections 


7 : Device Cable 
Logic 


Controller Diagram Function SUE 6714/15 SUE 6719 
Location Pl P01 P03 
J1-Al 7D2 Reader Not Ready Status PI-AL sd 13 
J1-A2 6D4 (E58) Input Data Strobe (Sprocket) P1-A2 12 9 
J1-A3 7A3 RDRC-N Drive Right P1-A3 - 12 
J1-A4 7A3 RDRH-P Read Command P1-A4 8 - 
J1-A5 6D3 ID00-P Input Data Channel 1 P1-A5 1 1 
J1-A6 6D3 ID01-P Input Data Channel 2 _ P1-A6 2 2 
J1-A7 6D3 ID02-P Input Data Channel 3 P1-A7 6 3 
J1-A8 6D3 1D03-P Input Data Channel 4  Pl-AgS 10 4 
J1-A9 6D3 -—=«1D04~P Input Data Channel 5. P1-AQ 4 5 
J1-A10 6D3 ID05-P Input Data Channel 6 P1-A10 9 6 
J1-All 6D2 ID06-P Input Data Channel 7 P1-All 3 7 
J1-A12 6D2 ID07-P Input Data Channel 8 P1-Al2 7 8 
J1-A13 6D2 Reader Not Ready Status Return " P1-A13 17 10 
J1-A14 6D2 Not used - - 
J1-A15 6D2 Notused = 7 
J1-A16 6D2 > Not used i : 
J1-A17 6D2 , Not used = - 
J1-A18 6D2 Not used - - 
J1-A19 6D2 Not used _ 5 : 


J1-A20 6D2 SUE 6714/15 XOR GRD (E50) ©p1-A20 7 7 


Notes: 
1. Signal returns to ground on J1 are on corresponding B pins. | 
2. All wires in device cable are twisted pairs except the ju “pers. 
3. Pins 5, 11, 14, 15, 16, 17 are jumpered to signal groun . in P01, 


4, Device cable signals P1-Al and P1-A13 are twisted pair with P1-A13 as return to reader 
ground, 


G) SUE 6714/15 cable only, jumper to GRD, P1-B20. 


6. All signal returns are connected to ground at P03 pin 10 for SUE 6719. 
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Controller 


J2-Al 
J2-A2 
J2-A3 
J2-A4 
J2-A5 
J2-A6 
J2~A7 
J2-A8 
J2-A9 
J2-A10 
J2-All 
J2-A12 
J2-A13 
J2-A14 
J2-A15 
J2-A16 
J2-A1T 
J2-A18 
J2-A19 
J2-A20 
J2-A21 
J2-A22 


J2-A23 © 


J2-A24 
J2-A25 


Notes: 


Logic 
Diagram 
Location 

9D4 
9D4 
7D4 
7D2 
9A4 
9A4 
7TA4 
7Al 
7Al 
5A2 
5A2 
5A2 
5A2 
5A2 
5A2 
5A2 
5A2 
6A2_ 
6A2 
6A2 
6A2 
6A2 
6A2 
6A2 
6A2 


Table 3. SUE 4601/6716 and/6719 High Speed 


Paper Tape Punch Interconnections 


Function 


STS1-N Auxiliary Device Status 
Auxiliary Device Control Input 
WDDC Punch Data Call 

Punch Not Ready Status 

CMD2-N Auxiliary Command to Device 
CMD1-N Write Command to Device 
WDGASN Start Punch Cycle 
Auxiliary I/O Control Driver 2 
Auxiliary I/O Control Driver 1 
OD07-P Output Data Channel 8 
OD06-P Output Data Channel 7 
OD05-P Output Data Channel 6 
OD04-P Qutput Data Channel 5 
OD03-P Output Data Channel 4 
OD02-P Output Data Channel 3 
OD01-P Output Data Channel 2 
OD00-P Output Data Channel 1 

E13 Function Jumper (Status Polarity) 
E14 Function Jumper 

E15 Function Jumper 

E16 Function Jumper 

E17 Function Jumper 

E18 Function Jumper 

E19 Function Jumper 

E20 Function Jumper 


P2 


Not used 
Not used 
P2-A3 
P2~A4 
Not used 
Not used 
P2-A7 
Not used 
Not used 
P2-A10 
P2-Al1l 
P2-A12 
P2-A13 
P2-A14 
P2-A15 
P2-A16 
P2-A17 
P2-A18 
Not used 
Not used 
Not. used 
Not used 
Not used 
Not used 
Not used 


1. Signal returns to ground on J2 are on corresponding B pins. 


2. All wires in device cable are twisted pairs except the jumpers, 


Device Cable 


SUE 4601 


SUE 6716 SUE 6719 


P01 


~~ No WO FF UO DD I @W 


3. P01-9 and P01-24 jumpered for +6 v Bias to Feed Hole for SUE 6716 only. 
4, P2-A18 jumpered to P2-B18. 


12 


P01 


~~ So Wo FPF OF DO N DW 
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Figure 2, SUE 4601 High Speed Paper Tape Controller, Detailed Block Diagram 
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NOTES: oacéSS OTHERWISE SPECIF'ED 


2. 
3. 


4. 
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DEVICE ADDRESS RECOGNITION (LD Sheet 2) 

Address Comparators U19, U28, and U39 are four-bit quad exclusive NOR gates that compare the incoming 
address with the jumper-encoded device address, The strobe received from the INFIBUS triggers flip-flop AMA 


when the two addresses match. During output operations, AMA cannot set if the output device is not ready to 


accept new data. 


Decodes of bits A01A-P, A02A-P, and A03A-P, address the control, status, and data registers, and specify 
through AABL-P that the present register address is valid. 


KEY SOURCE LOGIC DEFINITIONS 


AABL-P , Address valid, asserted only for register addresses %, 1, 6, 7. 8, 
and 9, 
ACNT-N Address control, enables accessing the controi register with a read or 


write command, 


ADAT-P Address data, enables loading the output data register or 
reading the input data register, and conditions data bus driver 
enabling signals DBRB-P and DBRC-P. 


AMAS-P Address recognized, asserted when address bits A04A-P through 
A11A-P match the device number encoded in DA04-P through DA11-P. 
Inhibited during output operations if device cannot accept new data. 


AWST-N Address status, clears the controller when the status register is 
addressed (FWZ0) concurrent with a write command. Input and output 
data registers are not cleared. Enables reading the status register 
with a read command. 


MPXA-P, MPXB-P A decode of these signals allows the multiplexer to select cne of four 
sets of information for input. See the table at bottom of LD sheet 2. 
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INFIBUS ACCESS DRIVERS/RECEIVERS AND CONTROL (LD Sheet 3) 


Bus access drivers/receivers and initiating logic is shown above the dashed line on LD sheet 3. 


Bus access control logic, represented below the dashed line, is equivalent to one-half of a Dual Bus Access 


Logic (DBAL) chip described in General System Bulletin G4 under SPECIAL COMPONENTS, 


Operating in the PDT mode, connection J5-2 is jumpered to J5-1; in the BTA mode this jumper is absent. 
Jumper connections on J4 comnect one of four interrupt request/select lines, In most SUE systems, SRL2-N 


and SEL2-N are used for peripheral device controllers. 


If interrupts are allowed (CR2S-P), Bus Service Need flip-flop (BSN) initiates the access control logic for any 


one of three conditions: 


a. a BTA interrupt (CATS-P) 
b. an error (EROR-N) 
c. a PDT status (PDSA-N). 


Reset clears BSN unconditionally. An abort or done condition clears BSN if the on-line latch is set. 


KEY SOURCE LOGIC DEFINITIONS 


BOLA-P, BONE-N Bus On-Line signals generated when the controller has obtained bus 
access, These signals are used to enable the data bus multiplexer and 
drivers to transmit the device number on the data bus. 


DONE-N, PCDA-P, INFIBUS control signals commonly used in SUE systems to control 
PCDB-P, QUIT-N, system module communication. See INFIBUS interface, General 
SACK-N, SEL(x)-N, System Bulletin G4, for signal function descriptions. 


SRL(x)-N, STRB-N 


RITE-N, RITA-F RITE-N is the INFIBUS write command, RITA-P in the controller is 
the output of the RITE receiver. Asserted, RITA-P conditions the 
write mode; negated, conditions the read mode. 
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DATA BUS DRIVERS/RECEIVERS AND MULTIPLEXER (LD Sheet 4) 
In the data bus drivers/receivers (U69, U70, U79 and U80) the receivers are always enabled; the drivers are 
off unless a positive strobe is present at the S input, With pesitive crohes OP Ra PT) DRPRE- and Pye ek, 


multiplexer outputs are transmitted on the data bus. 


Multiplexer components U48, U49, U58, and U59 are four-line to one-line selectors activated by a decode of 
MPXA-P and MPXB-P. Components U68 and U78 are two-line to one-line selectors activated by the logic state 
at the select (S) and enable (E) inputs. S asserted selects B inputs; S negated, A inputs. U78 performs an . 
additional function. E asserted forces outputs Yl, Y2, Y3, and Y4 low, Therefore, device number bits DN12-N 
through DN15-N are always transmitted as binary ONEs (hexadecimal F) to be consistent with LEC SUE standard 


practice for controller addresses, . 


* 


To minimize propagation delay for device inputs, RROO-N through RR15-N are always selected (MPXA-P, 
MPXB-P both ZERO) when no other selection is active. 


KEY SOURCE LOGIC DEFINITIONS 
DBOO-N thru DB15-N Data bus interfaced to the data bus drivers/receivers. 
DOOA-P thru DI5A-P Data bits received from the data bus and applied to the output data register. 


Bits DOOA-P thru D05A-P also are used to load the control register during 
Write Control Register operations, 


“3 
to 


5d 


Sy 


D2 
Epe 
8d2 


BDz 


5d2 


502 


Sp2 


Sd2 


A B Cc D 


(ON LINE + DATA + STATUS + CONTROL) 


a2 
6 a3 
e Tat 
DOOA-P a1? 2 
Aq SA4 
DBoo-N << 52 SAS 
DoIA-P Ftp v1 
n u Die bef er, Se eae we | x 
At iy 
DBOI-N << —“*2- tap >p 7 ad ie 
Dosa-P ——-—y}6 BOR ei ae: PROS 
ae oie ORD! i ar) 
DBO8-N << Bt tg ; 1) ped t—4+- RDN A-N Fay 
. c " Sag, 
DOSA-P ; neien ; 
DBo9-Nn << BAe Ng 
RRO2-N hey 
RTER-N = 
RO2- 
DozA-P CROZ2-N 4 
DBo2-N < 
DO3ZA-P 
DBO3-N< 
RROB-N ars 
oO = 
DO@A-P WDNB-N wee 
DBO4-N < CRO3-N Sas 
DOSa-P 
DBOS-N& | 7 RRO4-N 
STSi-N Pak 
| 2 CRO4-N BAA 
DN 04-N lope 
RRGS- 6A3 
37 
Ostse-n 
CROS-N SA3 
DNO5-N {OD 2 


EB DNOB-N ore 
CON LINE + DATA) 


a) RROO-N 6A2 
Doca-P Eee R. ney 
© orm 


DNOO-N lodD2 
DBRB-Pp 9AZ 
BOLA-P 3Az 


BIOA-P Ne RRO&-N 6A2 
P TIS7 2A= RROT-N 6A2 
DitA-P ee 2B DNOT-N 19D2 
_, Bes i) __ 
DBI -N <<———3d pb > 


DN I190- N tod 


RRII- N BA4 
BNW -N lop? 


| 
| 
| RRIO-N ghd 
x 
| 


Pi ef 

Biga-P oe ‘al 44 +L. PRR -N Bas 

DBI3-N < = Kd 4B p4+}——______ STS5-N gaa 
r zantt_______. RRi3-N @na 

Bie? me 9 PEbto _____ srS@- N Bas 

DBit-N < Sdp jAb-S—_____ RRIG-N 985 


1 i. ——_—___—_—____—C} ~~ 
3 ne es | i Yi 3 1-N Baa 
(Bio —————— STSI-N BAR 
i5A-P —~———I16 I5=N abS——__ RRIS-N 43 
y Btay z et? : sb = 
DBIS-N<K—te de —_ os ies 28 STSB&-N BAR 
| (ON LINE + DATA Re ATO SY eB BRE ae 


DATA BUYS MULTIPLEXER 


SUE 4601 Paper Tape Controller (PPB), LD2001002137-1 Rev. B, Sheet 4 


ss) 


PPB 


M B2002001242-1 SUE 4601 


CONTROL REGISTER CROO-N THROUGH CRO5-N (LD Sheet 5) 
Control register U66 is loaded from data receivers DOOA~P through DO5A-P, by a positive-going transition of 


the clock input, Either a Write Status or a system reset clears the control register. 


OUTPUT DATA REGISTER WR00-P THROUGH WR09-P (LD Sheet 5) 

Output data register U57 is clocked by a negative-going transition at the clock input. Neither a Write Status nor 
a system reset clears U57; data is retained as entered by the last clock pulse. The output data register is con- 
tinued on LD sheet 8, 


KEY SOURCE LOGIC DEFINITIONS 


CROO-N thru CRO5-N Inverted outputs of the control register selectable for input by the data 
bus multiplexer, 

CROS-P Control bit 0, asserted, enables the input mode. 

CR1S-P Control bit 1, asserted, enables the output mode. 

CROA-P Read command input to control register bit 0, used to direct-set the 

; read-device-run flip-flop. 

-CR2S-P Control bit 2, asserted, indicates that interrupts are allowed. Enables 
the INFIBUS access logic. 

CR3S-P Control bit 3 used to enable an auxiliary write command. 

DOOA-P thru DO09A-P Part of data received from the data bus and sent to the output data 


register. DOQOA-P through D05A-P also set control bits CROO through 
CR05 when the control register is addressed. 


GRSA-N, GRSC-P Resets the controller as a result of a system reset or a Write Status 
operation, 

OD00-P thru OD09-P Part of output data from the output data drivers to the write device. 

WCRO-P Clocks a read or write command into the control register and used to 


direct-set read-device-run flip-flop. 


WDRBE-N Clocks data into the output data register and resets the WBA flip-flop. 
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INPUT DATA REGISTER, RR00O-N THROUGH RRO09-N (LD Sheet 6) 

A positive-going transition of the read data strobe (sprocket signal) sent by the reader triggers one-shot SOS. 
SOS times out in 2.8 microseconds, triggering one-shot RDS whose negative-going transition clocks input data 
register U67, loading reader data into the register. RDST-N and complement RDSP-F aiso control timing in the 


read control logic. 


Neither a Write Status nor a system reset clears the input data register. Data is retained as entered by the last 


clock pulse. The input data register is continued on LD sheet 8. 


KEY SOURCE LOGIC CEFINITIONS 


ID00-P thru ID09-P Input data bits applied to the input data register from the read device. 


RDSP-P Positive read device strobe that terminates the read start pulse and 
triggers flip-flop RTE. 


RDST-N Negative read device strobe that clocks data into the input data regis- 
ter, and triggers the read-buffer-available flip-flop. 


RROO-N thru RRO9-N Data from the input data register selectable at the data bis multiplexer 
for transmission on the INFIBUS. 
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WRITE CONTROL (LD Sheet 7) 


Es 


Punch start pulse WDGA-N Is issued when the output data register has been loaded (WBAR-N Is ‘nlgh) and a data 


‘request (WDDC) satisfies gate WDGC. Dropping the data request terminates the start pulse and triggers WBAT 
which direct-sets WBA. As a result, WBAS-P: . 


a. sets PDT status bit PDSA-N as | 
b. primes gate WDRB to clock new data into the output data register. 


READ CONTROL (LD Sheet 7) 

Flip-flop RDR issues a start pulse to the reader whenevér a read command is clocked into the control 
register (VWCRO-P, CROA-P), For character read devices, where E35 is connected to E36 (LD sheet 5), 
another run pulse is issued after each input data transfer (DRBB-N or gate RDRA-N). A strobe (RDST-N and 
RDSP-P) from the read device: 


a. clocks the input data register 

b, terminates the start pulse by resetting RDR 

c. triggers flip-flop RBA (which sets PDT status, PDSA) 
d. triggers flip-flop RTE. 


READ TIMING ERROR 

Either an overrun or a 300-millisecond time-out sets flip-flop RTE. An overrun occurs if flip-flop RBA is not 
cleared by a data transfer (gate RBAZ-N) before the next read device strobe is received. A time-out occurs if 
the read device does not respond to the run pulse within 300 milliseconds, nominal. Time-out is a function of 


one-shot RNDT which is retriggered with every run pulse. 


~ 


KEY SOURCE LOGIC DEFINITIONS 


BT1A-N Request bit asserted by the same conditions that activate PDSA-N, 
: notifies the BTA that a data transfer is required. 


BT3A-N Error signal EROR=N to the BTA that specifies either a read timing 
error has occurred or the I/O device is not ready. 


PDSA-N Program data transfer status - asserted during input when read data 
is strobed into the input data register; asserted during output when 
the output data register is ready to be loaded with the next write data. 


RDNA-N Read-device~-not-ready status. 

RDRC-N, RDRH-P Read-device-run signals to start the input device. 

RTER-N Read timing error status generated if an overrun condition occurs or 
the read device does not respond within a time limit. 

WBAR-N, WBAS-P Write-Buffer-Available flip-flop set, indicates output data register is 
available to receive output data. 

WDDC-N Write device data call received from the output device when ready to 
receive another data output. 

WDGA-N Write-device-run signal to start the output device. 

WDNB-N Write-device-not-ready status. 
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INPUT DATA REGISTER, RR10-N THROUGH RR15-N (LD Sheet 8) 


Input data register, U77, is a continuation of U67 shown on LD sheet 6, but not used actively in the 4601 
configuration, 


OUTPUT DATA REGISTER, WR10-P THROUGH WR15-P 


Output data register U76 is a continuation of U57 shown on LD sheet 5, but not used actively in the 4601 


configuration. 


KEY SOURCE LOGIC DEFINITIONS 


*D10A-P thru D15A-P 
*ID10-P thru ID15-P 3 ~ 
*OD10-P thru OD15-P 
*RR10-N thru RR15-N 
*STS5-N thru STS8-N 


*Not used for paper tape devices. 
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AUXILIARY WRITE CONTROL (LD Sheet 9) 
Write command lines CMD1-N, CMD2-N, and the associated logic components allow the controller to communi- 
cate with devices that multiplex both data and control information on the output data lines, CMD1-N indicates 


data; CMD2-N control. Either one or the other command line is activated according to the logic state of control 


bit CRO3. 


One-shots SRT and SIS allow the controller to operate with output devices that do not send a data call, For such 
devices, pseudo command SIST-P (or SISP-N) is applied to E48 (LD sheet 7) to initiate the write control logic. 

. One-shot SRT is triggered when the output device can accept another output as indicated by auxiliary device status 
at J2-A1 and J2-A2, 


DATA BUS DRIVER ENABLE 


Conditioning logic to assert the data bus driver enabling signals is shown in the lower portion of LD sheet 9, 


KEY SOURCE LOGIC DEFINITIONS 


BT2A-N, BONA-P Response from the BTA used by the controller during a block transfer 
to enable loading the output data register during output; trigger the 
read-device-run flip-flop and issue data bus driver enabling signals 
to place read data on the data bus during input. 


BT4A-N The interrupt initiate signal from the BTA becomes CATS-P initiates 
the controller bus access control logic, and enables auxiliary write 
command lines CMD1-N and CMD2-N, 


CATS-P Inverted signal BT4A-N. 

CMD1-N Auxiliary write command to device indicating output data lines contain 
data. 

CMD2-N Auxiliary write command to device indicating output data lines contain 
control information. 

DBRA-P, DBRB-P, Data bus driver enabling signals, asserted during input mode to trans- 

DBRC-P mit information on the data bus. 

SISP-N, SIST-P Pseudo data call to initiate write control logic for devices that do not 


send a data call, 


STS1-N Auxiliary status from write device indicates device is ready to accept 
another output. 
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READ/WRITE ENABLE AND DONE (LD Sheet 10) 

The three 50-nanosecond delay lines in series with five inverters provide a total delay of less than 200 nanoseconds 
after address recognition, oa. jekaw “Nowe tome for the bits Tiras co settle (deskew) before data is strobed into 
the receiving elements. The delay line terminates in the Done logic. Flip-flop ADN prevents a false DONE signal 
if the address is not valid (AABL-P). 


ADDRESS BUS DRIVER/RECEIVERS AND RECOGNITION (LD Sheet 10) 
In the address bus drivers/receivers (U10, U20, U29, and U40) only the receivers are used; the drivers are 
inhibited because the controller never asserts its address on the address bus. The receiver normally assigned 


to address bit AB00-N, receives master reset pulse MRES-N. ABOO-N is not decoded in the controller, 


Program plug J3 is used to encode the controller device number for address recognition, 


KEY SOURCE LOGIC DEFINITIONS 


A01A-P thru A15A-P Bits from the address receivers used for controller address recognition 
logic. 

ABO1-N thru AB15-N Address bus interfaced to the controller address receivers. 

ADUN-N Address done, generated by the controller at the end of each operation. 


For a device-write operation ADUN-N indicates that data has been 
taken from the lines and that lines can be released by the master 
module. For a read operation ADUN-N indicates that input data on 
the data lines is valid. 


ARED-P Inverse of the RITE-N signal, ARED-P initiates data bus driver 
enabling signals during an input operation. 

ARES-P Clears the controller when system reset pulse MRES-N is asserted. 

AWRT-P Derived from RITE-N, the bus write command, AWRT-P enables the 


output data register during a device output operation. 


DA04-P thru DA11-P Inverse of device number encoded in the controller by jumpers and 
compared with bits A04A-P through Al11A-P, respectively, to accom- 
plish address recognition, | 


DNO4-N thru DN11-N Device number bits encoded with the controller address and placed on 


the data bus when the controller goes on line. 

DRBB-N Triggers the read-device-run flip-flop to send run pulse to the read 
device during PDT mode, ’ 

MRES-N Master reset pulse from the INFIE JS that initiates reset logic in the 
controller, 
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Parts List, Assembly Model 4601 
PL2001002137-1, Revision D (Sheet 1 of 2) 


SPECIFICATION ; MATL/NOTE(S) 
ReaoksraR PART NUMBER sate DESCRIPTION VENDOR REF DESIGNATION(S) 


10]0)0) meleien) 200100213 7~1 ASSY, MODEL 4501 
0017 0001 1001008 751-1 PRINTED WRG BD, PPP 
000 
083 }90001 RLO7S102G RESISTOR MIL+R-22684/1 R1,4,12,13,19, 


23, 24, R27 THRU 
R30, R33 THRU R64 


.5 1S 
005} 0001 RLO7S680G RESISTOR MIL-R-22684/1 BY Lee tauhere’ 
N01, O00 RLO7S361G REST STOR MIL-R-22684/1 R6 .& IS 
oof Foon RLO7S301G RESISTOR MIL-R=22684/1 R20 .5 IS 
003} 0001 RLO7S103G RESISTOR MIL-R-22684/1 R3,10,32 .5 IS 
orpooes RLO7S152G REST STOR MIL-R-22684/1 R21 .5 IS 
003) 0001 RLO7S303G6 RESISTOR MIL-R-22684/1 R2,7,31 .5 IS 
0N6}N001 RLO7S472G RESISTOR MIL-R-22684/1 Rai 8,9,15,25, 26 
O33; 9001 8001300101 CAPACITOR Ch, oe C8 THRU 


C16, C1B, C21 THRU 
C23’ C25’ THRU 
C39'C41,42 .251S 


ee |e 


o08}0001 M39003/01-2018 CAPACITOR MIL-C=39003/1 oF 60,43 
OO8}OOC! CM0500221 J0O3 CAPACITOR MIL-C-5/18A C2, 3,19, 20 
225°TS 
000 
000 
000 
000 
noo 
000 
000 
oo1}o001 BO0TT0GOO1 + DIODE CR1 65 IS 
o0s}ooa 8001 80G042 1cP U17,22,33, 36,46 
C7uHoG) 
003]}0001 8001 800046 ICP U6,21.47 (74H1") 
not}ooor 8001800047 1¢P Ub (74Ht1) 1 
004}0001 8001 800048 cP US, 7, 35, 37 
{ ( 7RH27) } 
000 
oo06foeet 8001 800044 ICP US.1€.27, 22,65, 
73 f 7uMre | 
N03}9001 SN74H7UN 01295 IICP TEXAS INSTR INC U13,45, 44 | 
N02 }o001 SN74S11N 01295 |ICP TEXAS INSTR INC 134,75 | 
no2;0re1 N820°3N 18324 |ICP STGNETI CS ut. 77 
norineas SN7486N 01295 |ICF “EXAS INSTR IND 7 
l 


ee ye 


SUE 4601 


900 
003 


O02 | 


004 
000 
001 
010 


005 
003 


000 
002 
000 
002 
003 
001 
001 
003 
001 
oo! 
oot 
119 
REF 


Dec 72 


0001 
0001 


0001 
0001 
0001 
0001 
0001 


9001 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
ooo} 
0001 


Parts List, Assembly Model 4601 


PL2001002137-1, Revision D (Sheet 2 of 2) 


ary SERIAL NO. CODE SPECIFICATION / MATL/NOTE(S) 
PART NUMBER | IpENT DESCRIPTION VENDOR REF DESIGNATION(S) 


TEXAS INSTR INC 
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SN74157N 
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U2, 12,42 
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PPB - PERIPHERAL PARALLEL BUFFER Lockheed 


Paper Tape Reader Interface 


Status - address FXXO 
Control - address FXX6 
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STATUS CONTROL 


Device Command inhibits 
Write Command 


Switches —- none 


Jumpers 


Address Selection 


ADDRESS CONNECT TO 
BET 
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J3-1F 
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Al2 MODIFICATION 
"ALLED" (See PSB-@5) 
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PPB 


Bus Service Level 


BTA not used with PPB 
Connect J5-1 to J5-2 


Socket _ . See PPB prints 


Paper Tape Reader - 


For use with REMEX reader RR-105/305RA, 
jumper the bottom-most pair of pins 
(pins 1 and 2) of the Cannon connector 
(Connector A) on the IPTR cable. 
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Card Type _ PPB Modification Al2 


Card Function: 


parallel interface 


Modification Description: 


allow choice of sense of address bit le recognized 
either NO, 8, or 1 must be chosen 

for Al2=NO do not modify card 

for Al2=@ or Al2=1 proceed as below 


Implementation: 


lift leg U39:05 - solder a wire to the leg and wire to pin 
in J3 row 3 for Al2=% or a pin in J3 row 1 for Al2=] 
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Card Type _ PPB Modification Bus 


Card Function: 


parallel interface 


Modification Description: 
recognize 20 bit addresses 


either P or 1 must be chosen 
for BUS P do not modify card 
for BUS I proceed as below 


Implementation: 


1. Mount two IC sockets with attached legs (P/N 264 ) on pieces 
of foam tape immediately below U38 and U39. Call these 
locations U38A and U39B. 


2. Insert a BDR in U39A and a 74S15 in U38A 


Drill a 1/16" hole thru the board 3/16" to the left of the 
left end of the finger at P1:20. Check for shorts between 
+5 and ground. 


4, Wire as follows: 


P2: 20-U39A: 10 
P2:09-U39A: 09 
P1:20-U39A: 05 
P1:09-U39A: 06 
U39A: 07-U39A: 08-U39A: 15-U39: 07 
U39A:12-U38A: 01 

U39A: 14-U38A: 02 

U39A: 03-U38A:13 

U39A: 01-U38A: 09-U38A: 10-U38A:11 
U38A: 08-U38A: 12-U39:11 

U39A: 16-U39:14 

U38A: 14-U38: 14 

U38A: 07-U38: 07 


route through hole drilled in step 3. 
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Card Type PPB . Modification ADDR 


Card Function: 


parallel interface 


Modification Description: 


set address recognition 


Implementation: 


Jumper J3 according to ¥* and - 


* means jumper from row 2 to row 3 


- means jumper from row 2 to row 1 
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PPB MODIFICATION, STANDARD 
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Card Type PPB Modification Standard 


Card Function: Peripheral Parallel Interface 


Modification Description: 


Configure card to operate without BTA. 


Implementation: 


Jumper with wrapped 30 ga wire as follows: 


J5-1 to J5-2 
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